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PREFACE 



TO 



THE SECOND EDITION. 



In the Second Edition of this work the author has added 
the cartilages and muscles of the larynx, and the anatomy 
of the internal ear. These subjects are respectively 
illustrated by additional plates and numerous wood en- 
gravings. 
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PREFACE 



TO 



THE FIRST EDITION. 



This work is intended as an introduction to the Manual of 
Anatomy already published by the author. Its object is to 
teach the student the bones, and the accurate attachments 
of the muscles. Practical observations are here and there 
interspersed. The plan of the plates is novel, and speaks for 
itself; it is only necessary to explain that the red outlines 
denote the origins of muscles ; the blue, the insertions. 

The microscopic structure of bone has been introduced, 
because such knowledge is essential to a right understanding 
of its diseases. This part of the work has passed under the 
eye of Professor Quekett. The author is deeply indebted 
to that gentleman for his kindness in imparting informa- 
tion, and permitting access to his beautiful drawings and 
preparations, of which liberal use has been made. 



VI PREFACE. 

To Professor Owen the gratitude of the author is es- 
pecially due for his kindness in looking over the concluding 
part of the work, relating to the Unity of Type in the 
construction of the Vertebrate Skeleton. 

The drawings have been executed on stone by Mr. 
Grodart with his usual accuracy and spirit, deserving the 
author's best acknowledgments. 



GowsB Stbbbt : 
September 1855. 
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Importance nni WHOEVER would l>ecome a gowi siirgeoD, nnist 
imeren of Oaieo- ^^^ himself master of human OKteology. It is 
Dot only his first, but his principal and constant 
professional study. During his dissections he is continually refer- 
ring to the skeleton. He cannot reiluce the simplest dislocation 
without a competent knowledge of the hones. The subject appears 
dry and tedious to a beginner — what study, indeed, does not ? — 
but a little progress will convince him that, so far from beii^ dry, 
it is full of interest, not only as conducive to professional success, 
but for lis own sake. No part of creation displays more manifest 
design than the human skeleton. Undertaken in a right spirit, the 
study of it becomes, with many, a favourite pursuit, — leads ua to 
look a little beyond "final purposes," and creates a natural longing 
to know something of the skeleton of the lower animals, that we 
may the better judge of the admirable construction of our own ; 
for it is only by comparison that we can jurfi/e. IftTien the great 
truth unfolds itself, that our own structure is but a modification of 
the " one common pattern " upon which all vertebrate animals are 
formed, we cannot but feel with the philosophic poet, that — 



-* 'Til ihe aablimc of mi 
Our noontide m^eitj, 
Pang and proportJoDi 
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2 GENEUAL OBSKIiVATlONS 

Use uf ihe buues. The bones fonii ft framework for the moulding 

and adequate eupport of the soft parts of the 
body ; they form cavities for the lodgmeut and protection of 
delicate organs, — e. g., the skull for the protection of the brain ; 
the vertebral canal for the protection of the spinal cord ; the orbit 
for the protection of the eye ; the chambers m the temporal bone 
for the protection of the internal ear; the chest for the protection 
of the heart and lungs, &c. : they form the joints for the locomotion 
of the whole l>ody, as well as for the movemeot of its individual 
partti : they form levers for the action of the muscles. 
Goneral compo. Bone ia composed of a baais of animal matter 
impregnated with " bone earth " or phosphate of 
lime. The firat ingredient makes it tenacious and 
elastic; the second gives it the requisite hardness. The analysis 
is easily made. Place a bone in a solution of one part of dilute 
hydrochloric acid to five or six of distilled water; in a few days all 
the earthy part will be dissolved out by the acid, and the animal 
part will be left. The bone will be scarcely altered in shape or 
colour, but it can be bent and twisted in any direction. On the 
other hand, to get rid of the animal matter we have merely to boil 
the bone for a long time ; or the hone may be calcined till all the 
animal matter is burnt out. In either of these ways the animal 
constituent of the bone will be removed, and nothing left but the 
earthy. The animal matter consists of gelatin (or glutin), which is 
nearly all soluble in boiling water. Everyone knows that soup may 
be made out of bones. Notwithstanding their antiquity, fossil bones 
are found to contain nearly as much animal matter as recent bones, 
Gimbemat made soup from the gelatin of the mastodon's tooth, 
as Dr. Buckland afterwards did from the fossil bones of the hytena. 
ItGUtiv(> propor- As to the relative proportions of the animal 
iLons of ihe animal ^^j eartliy matter in bone, the best chemists 
agree that the animal part forms about one third, 
the earthy two thirds. Are these proportions 
constant? Do they vary at <lifftTent periods of life, and in differ- 
ent bones of the skeleton ? It is the generally received opinion 
that they do vary. It ia believed that the animal element pre- 
dominates in the bones at the beginning of life, and the earthy 
element at the decline. This is assigned as the reason why the bones 
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ON THK STRITtrrUHE OF BOSK. 3 

I o[ children are so elastic, so liable to indent, as Id the case of the 

[ rtuUcap, and to bend like a green stick rather than break like 

l-ihe bones of the aged. Some recent investigators *, howeverj have 

tnpugned the correctness of this opinion. Their analyses go to 

prove that equal vieiglUs of bone tissue contain, at all ages, and in 

h11 biines, nearly the same relative proportions of animal and earthy 

matter. A particle of bone, they say, is a definite, not a variable 

coinpoimiL llie liarduess and compactness of Iwne depend, not 

upon the variations of its earthy ingredient, but upon the quantity 

of bone condensed in a given space. Tlie peculiarity of the bones 

of children arises from the greater sponginess of their texture, and 

trora the layers of cartilage introduced in appropriate parts to 

facilitate growth and to break shocks. 

liphman's ano- The following is Lehman'st analysis of adult 

[ ly«i9 or bone. human bone :— 



Animal matter 

Earthy matter, namely ■ — 
Phosphate of lime 
Carbonate of lime 
Fluoride of calcium . 
Phosphate of magnesia 



33 per cent. 



100 



In the disease of early life called " rickets," in 
which the Iwinea Itend anil become distorted, 
from deficiency of earthy raatler. Dr. Boatock 
found the proportions of animal and earthy matter to be — 



Dr. Boatock't 
A)ia]7«u of rick.- 
cltj bones. 



Animal matter 
Earthy matter 



79*75 per cent. 
20-25 „ 



• Dr. Surk, "Edinb. Med. aad Surg. Journal," April, 1845 ; Nelnlon. ■■ Elcnicni 
I dc Fatholi^e," t. i. p. 636. 

Mr. R. TiuoD, DemonilnUor of Chemistry at SL Bartliolomew's Iloipl tal, has giren m 
Ibe mbjoined analysu of IOO[>actB, by weight, of haman loagboDeaor ditTercnt ages i- 



100-00 
t Physiological ChimiBtrj, voL iiL p, 



4 GENERAL OBSEBVATIONS 

Of all animals, the bonea of birds (especially of the predaceous 
kind) contain the largest proportion of earthy matter. Hence 
their great compactness and white colour. The bones of mammalia 
contain the next proportion : those of reptiles the next; and least 
of all those of fishes. 

Imponauco of Of the earthy ingredients of bone, the phos- 
ph«ph^ of UmB. pijate of lime holds by far the first rank ; hence 
it is commonly called " bone earth." Adult bone contains 57 per 
cent, of it, and not more than 8 per cent, of the carbonate of lime. 
The latter is the principal ingredient in the hardening of shells. 
But the phosphate of lime is made use of to harden bone, because 
it fomiB a harder compound with animal matter than the carbonate. 
What can be harder than the enamel of the teeth ? And this con- 
sists of a very large proportion of phosphate of lime combined with 
animal matter. According to Berzelius, there is only 2 per cent, of 
animal matter in the enamel, and of the remaining 98 parts, 88^ 
conaiat of phosphate of lime- 
Phosphate of lime enters not only as the principal earthy 
ingredient into the composition of bone, but is contained, more 
or less, in nearly all the tissues of the body. Of all inorganic 
materials it appears to be the most essential both for vegetable 
and animal life. Therefore it is not only a most important article 
of diet, but also a necessary manure. "Those parts of plants 
which experience has taught us to be the most nutritious, contain 
the largest proportion of the phosphates, — such as bread-corn, 
peas, beans, and lentils."* It has been ascertained by experi- 
ment, that if animals have their entire supply of phosphate of lime 
cut off, after some weeks of illness, they are attacked with diarrhcea, 
which soon kills them. Their bones are found very much softened ; 
and it is not tmlikely that the phosphate is absorbed fi-om their 
bones to supply other more important structures, such as the 
nerves and muscles. 

It is the quantity of phosphate of lime in the bones which makes 
them so valuable as manure. The bones are boiled to extract the 
gelatin or glue; afterwards they are crushed in a mill, and, as 
" bone dust," form an extensive article of commerce. 

* liebig'g Lcttcn on CbemUtr;, p. SS2. 



ON THE STBtCTCBE OF BOSK. 5 

^Stiengihofbone. From the esperiments of Professor Bobiaon, it 
appears that the strength of bone, as contrast«d 
1 other substances, is remarkable. He found that the follow- 
f materials stood in point of strength to each other thus : — 



Fine freestone, as . 


. 1-0 


Lead 


. 6-5 


Elmandaiih . 


. 8-5 


Boi, je», oak . 


. ll-O 


Boue 


. 22-0 



Hence bone is twice as strong as oak. Professor Robison found 
a piece of bone an inch square would bear 5000 lbs. weight* 
teBides this, we shall presently see that bone is constructed so 
Hfl to give tlie greatest strength with the least expenditure of 
materials. 

Hiciiy of In consequence of the animal matter they 
contain, bones possess & certmn amount of elas- 
ioity. If a skull be thrown upon the ground, it will rebound. 
The degree of elasticity varies in different bones, according to 
their form and texture. The clavicle, for instance, owing fo its 
curved form, is remarkably elastic,— a property which enables it to 
break the shock of a fall upon the hand. If one end of a clavicle 
be placeil at right angles against a hard substance, and the other 
struck with a smart blow of a hammer, we shall find that the 
bone will rebound to a distance of nearly two feet. The ribs, too, 
are exceedingly elastic. The Arab children make excellent bows 
with the ribs of camels. Perhaps the l»est instance we can adduce 
of elasticity in bone is the clavicle (merry-thought) of the bird. 
It acts as a spring, and restores the base of the wings to their 
proper position after the action of the muscles of flight. All the 
long bones in the human body are nriore or less curved, that they 
ty have the benefit of elasticity. 

DirUion of bonis Though the bones present every variety of 
three cUises. form and slze, yet, for convenience of description, 
itomists divide them into three classes — I. The long and 
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OENEBAL OBSEBVATIOSS 

round; 2. The broad and flat; 3, The short and Rquare, wl 
irr^ular. The long and round form the great levers of the limlM,.! 
and are adapted for motion. The broad and flat are found chiefly^ 
in the skull and pelvis, and are adapted for protection. The>1 
short and irregular are for limited motion combined with strength ^M 
&B the bones of tlie spine, the carpal and tarsal bones. 
ftoiutMci.ATttBB. In describing the different parts of a bow 
we make use of terms, — Latin, Greek, or Enj 
linb, as the case may be,— which denote either the form of th« 
part, or its fancied resemblance to some natural object, or thoj 
purpose it eervea. We soon become familiar with such terms a 
" eminences," " depressions," *' processes," " tuberosities," " spines,?] 
" foramina," " notches," " canals," " sinus," " fosse," " trochanters,*^ 
" condyles," &c. Again, there are parts of bones named after 
sorae celebrated anatomist, who may have first described them : 
for instance, the " aqueduct of Fallopius," the " antrum of High- 
more," &C. 

We come nest to examine the structure of bone, so far aa it 
be seen with the naked eye. Afterwards we will esamiue 
minute structure with Uie microscope. Lastly, we will give 
concise account of the development and growth of bone. 

SiancTCRE OP The best way to obtain a rough idea of Uu 

■ ' i< ^^ stmctnie of bone, is to make a vertical sectii 
Buo. through one of the long bones — say the femur. 

— all the way down (Plate A). We shall then.' 
see that the outer part, or "wall" of the bone, is compact like 
ivory ; the interior is hollow, forming the " medidlary canal," 
or cavity contiuiung the marrow. Tlie ends, which expand to 
form the joints, are composed of a l)eautiful network of plates and 
columns of bone, forming what is called " cancellous or spongy 
tissue," which in the recent state is also filled with marrow. 

Shttftofaboiic, Why is the shaft of a long bone hollow? 
* ^ " ■ Not only for lightness' sake, but ii\m because, 

the amount of material being the same, a hollow cylinder is 
much stronger than a solid one. It is proved that the 
Mtrengtlis of two cylinders of equal weight and length, 
one is hollow and the other solid, are, respectively, as the 
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ON THE STBUCTURE OF BONE. 



Fio. 1. 



FiQ. 2. 




Air cells in 
bone. 



of their transverse sections ; provided always that the diameter of 
the tube be within certain dimensions. Thus, let ah^cd (figs. 1 
and 2) represent the sections of two 
cylinders ; then the strength of the 
tube (2 c is to that of the solid a b 
as the line d c is to a 6.* 

In the early part of the 17th cen- 
tury, Gralileo observed, that nature, on 
this principle, increases in a variety 
of instances the strength of bodies 
without adding to their weight This most profound philosopher, 
when accused of atheistical opinions, and interrogated before the 
Inquisition as to his belief in a Supreme Being, picked up a straw 
from the floor of his prison, and replied, " If there were nothing 
else in nature to teach me the existence of a Deity, even this straw 
would be sufficient." 

Thus are strength and lightness combined in the 
economy of bones. This principle is carried to the 
extreme in the bones of birds, which are filled with air in place of 
marrow. There is a communication between their lungs and the 
cavities in their bones; and the air which fills the bones being warm, 
renders them still lighter. It is an interesting fact, that the extent 
to which air is admitted into the skeleton of birds, varies according 
to their powers of flight. The great beak of the hombill forms one 
great air cell ; even the thin columns of the cancellous tissue in the 
interior are hollow and filled with air. In this bird, in the swiflbs 
and the humming birds, every bone of the skeleton, down to the 
little bones of the claws, is filled with air. In the little apteryx 
which has no available wings, and in the penguin which never or 
rarely leaves the water, not any bone of the skeleton receives air. 
In the mammalian class, there are air cells in the bones, but no- 
where except in the bones of the head. Tliere are large air 
cells (sinuses) in the frontal, sphenoid, maxillary and mastoid 
bones in the human subject. But in animals these air cells are 
carried to a much greater extent. The most remarkable de- 



♦ Bishop on Deformities, 1852, p. 14. 
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8 OGNERAL OBSERVATIONS 

veloptnent of air cells in the mammalia is seen in the akuU of the 
elephaat. His iDtellectual physiognomy is caused, not by the size 
of the brain case, but by the enormous size of the air cells between 
the two plates or tables of the skull. The same may be said of 
the owl. In the giraffe there Ib the same arrangement of air cells 
between the two tables of the sknll. In the great extinct alothe 
the upper, back, and side walls of the cranium were thus inflated 
with air ; ^ that in these instances the brain is, as it were, pro- 
tected by a double skull, with air between the two. This modifi- 
cation not only lightens the skull, but protects the brain frum the 
falling trees uprooted by these animals. 

Bone diTisible Although the compact tissue of bone seema 
into jers. ^ j^^^ ^^j ^^jjj ^ stone, yet it is made up of 

layers placed so close together, that there is no apparent in- 
terval between them. Towards the articular ends (Plate A, fig, 3), 
the layers gradually separate to form the cancellous tissue, and 
the compact tissue becomes thinner in proportion. In bones that 
have been long weather-beaten in a church-yard, these layers may 
be peeled off one after another ; or if the earthy matter be removed 
by acid, the animal matter admits of being stripped off like so 
many leaves. It is essential to bear this la- 
minar structure of boue in mind, liecause 
it explaina what is observed in cases of 
iuflammation of bone — namely, that the 
bolargement of the blood-vessels and the 
inflammatory depoait separates the indi- 
vidual layers from each other, and thus 
causes the bone to expand and be very per- 
ceptibly increased in diameter, as seen in the 
adjoining w(«xl-ciit, taken from a specimen in the Museum of St 
Bartholomew's Hospital. 

The cancellous tissue, as before remarked, occu- 
pies the interior of bones, and chiefly the articular 
enda It is formed by the separation of the com- 
ponent layers of the hone, and these are coimected 
by, cross platea and fine columns, so as to form a 
kind of lattice-work with a most delicate and ele- 
gant arrangement. The direction of these coui- 
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ON THB STBCCTDRK OP BONE. !^ 

ponent columns in all parts of bones is arranged upon this prin- 
, ciple :- — they always run exactly in the line of pressure which 
b'tfae bone has to bear. A beautiful example of this is eeen in the 
rAection of the cancellous tissue of the thigh-bone (Plate A). At 
I the lower part, towards the knee, the layers run vertically, — 
I that is, in the direction of the axis of the shaft, this being the 
[' line of pressure when the body is erect. But in the neck of the 
I thigh-bone the layers are arranged in decussating curves like the 
\ arches in Gothic architecture, one within the other, in order to 
• Bnstain with the greatest mechanical advantage the weight trans- 
mitted on to the heads of the thigh-bones. Though so light and 
spongy, the cancellous tissue is able to support a great weight 
without giving way. We may form some idea of its strength from 
the following experiment ' : — A cubic inch of cancellous texture 
was taken from the lower end of the femur, and placed with it« 
principal layers upright Four cwt. was then placed upon it, but 
it did not give way in the least Six cwt made it sink half an 
inch. Yet the cubic inch of bone itself did not weigh more than 
54 grains. Not only is cancellous tissue strong as well as light, 
but it possesses also another advantage, — that of breaking shocks. 
When one ball of ivory strikes another, as in the game of billiards, 
' the whole force of the shock is transmitted from one to the other : 
[ but let a ball made out of the cattcelloua tissue of bone be inter- 
posed, and then see how the shock will he broken. Tliis property 
I of breaking shocks is of course greater when the bone is in its 
[ natural state and filled with marrow. 

The spaces fonned by the cancellous tissue vary in size and 
^ape, but freely communicate with each other, and also with the 
holes on the surface of the bones. This communication is easily 
pFoved by boring a bole at one end of a bone, and pouring quick- 
silver into it: — we shall find that the quicksilver will run out freely 
through the natural holes at the other end. 

The cancellous tissue, like the interior of the 
shaft of a long bone, is filled with yellow marrow. 
Marrow may be said to be composed almost en- 
tirely of fat (96 per cent); that Is, in bones that 
• Outlines of OatecloBy. bj T. Ward, p. 36S. 
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are healthy. Like all other fat, it is removetl in oaBeB of great 
emaciatioD, — in general dropsy, for instance; and its place is 
supplied by an albuminous fluid. Hence the bones of a drop- 
sical subject are always the least grewyy, and the best adapted 
for skeletons. Besides the yellow marrow, there is another kind 
of marrow of a red colour. This red marrow differs from the 
yellow, in that it contains little or no fat, — not more than 1 per 
cent., according to Berzelius; it consists of albumen (22 per cent.) 
and water (75 per cent.) Marrow of this albuminous nature forma 
the red pulp in the bodies of the vertebrae, the sternum, the bones 
of the cranium, and the ribs. It is this kind of marrow which is 
found also in all the hones of the ftetiis, and in infant^i. Hence it 
is Bometimea called fostal marrow. If it be examined with a high 
magnifying power, it will be found to contain a niimber of oval, 
maoy-nucleated cells (Plate D, fig. 9). We direct attention to 
these cells the more because they form one of the characteristics of 
a class of tumours termed " myeloid " (jiwhaii^;, marrow-like), fi-om 
their being chiefly composed of them*: morbid growths being in 
the present day named and classified as much as possible after their 
likeness to natural ports. 

How bonea are At the articular end of any long bone, or on the 
supplied with ^j ^f vertebra, we observe a number of holes. 
blood. -" 

For instance, near the lower end of the thigh-bone 

we might soon count as many aa 150 or more. What are these 
holes for? The smaller are for the transmission of the articular 
arteries for the nutrition of the cancellous tLssue, which is exceed- 
ingly vascular. The larger are for veins which return by them- 
selves. These veins of the cancellous tissue are 

„ . " large and numerous. Tliev traverse and ramify 
panccHoua tissue. j j 

through this tissue in various directions in special 
canals with thin walls of lione. They are well seen in a section 
through a vertebra (Plate I., fig. 7), also in the cancellous tissue 
(termed "diploe") of the cranial bones. In a surgical point of 
view these "diploic" veins are interesting, on account of their 
liability to inflame after severe injuries of the head: such in- 
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flammatioD may lead to auppuratinn in the iliploe, which is often 
fatal. The adjoining cut 
showB the large veaoua 
canals in the "diploe" 
of the Bkullcap. 

Again, on the outside 
of the shaft of n long 
bone there are a number 
of minute grooves, which 
run for the moat part 
parallel to the shaft, and 
are for the lodgment of 
blood-vessels. At the 
bottom of these grooves lie a multitude of still mtire minute holes, 
barely visible to the naked eye,but easily seen through a small pocket 
glass. These holes transmit the blood-vessels for the Diitritiori of the 
compact tissue, which come from the " periosteum," or membraae 
covering the bone. The marrow in the interior of the bone is sup- 
plied with blood by the " medullary artery." This 
"^ " " artery reaches the marrow through a very distinct 
canal (canal for the nutrient artery of the me- 
dulla), which runs obliquely through the shaft, somewhere near the 
middle of it. In a long bone like the femur there are generally 
two of these, situated at the back part of it. As soon as the artery 
reaches the medullary cavity, it divides into an ascending and a 
descending branch, which ramifies for the supply of the marrow, 
and finally communicates with the "articular" arteries already 
described. 

Thus the several parts of a long bone are supplied with blood 
as follows : — The compact wall of the shaft by blood-vessels from 
the periosteum ; the marrow in the interior by a special medullary 
arteiy ; anil the canceUous tissue of the ends by the articular 
arteries. The blood-vessels of these several parts are not exclusive, 
hut communicate more or less with each other. Hence they 
readily reciprocate their morbid actions, and inflammation arising 
in the one part may spread to the other. Now although these tbret- 
orders uf blood-vessels do communicate in the bone, yet we cannot 
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be surprised to find that when a bone is brokea below the canal for 
the nutrient artery of the marrow, the lower fragment, being de- 
prived of part of its supply of blood, is apt to become atrophied 
and thinner. Mr. Curling * has written an interesting paper on 
this subject : and a preparation is put up in illustration of it in the 
Museum of the College of Sui^eons-f 

Feuostbdm. Everj^here except at the insertion of strong 
"**' tendons, and where covered with cartil^e, the 

bones are inveBtetl with a tough fibrous memlirane termed the 
periosteum. Its chief use is to provide a bed in which the blood- 
vessels may divide and subdivide, and so reduce themselves to 
a size small enough to penetrate the pores 
on the surface of the bones. The adjoin- 
ing cut shows the arrangement of the 
blood-vessels of the periosteum. The 
) periosteum likewise provides each of the 
vessels entering the bone with a fibrous 
covering. In early life it ministers to 
the growth of the bone in thickness, and 
ever afterwards to its nutrition. If there- 
fore the periosteum be torn from the 
surface of a bone there is a risk that a 
layer of the subjacent bone will lose ita 
vitality and be cast off. 
The medullary canal, as well as the cells (marrow 
BueBiME. spaces) of the cancellous tissue are lined by an ex- 

tremely delicate membrane, termed the " medullary membrane." 
It is too delicate to be shown as a continuous membrane, like the 
periosteum; but so far aa it goes, it supports the marrow, and 
serves the purpose of providing a stratum for the subdivisions 
of the medullary artery, before they penetrate the contiguous 
osseous substance. 
NEBTEHofbone. Periosteum and bone unquestionably possess 
nerves. This is proved by absolute demonstration, 
and by disease. Nerves may be traced into some of the minute 

* Medico-Cliir. Transac lions, vol. xx, 
t Folbol. CU. ToL ii., Prep. Na SSIa. 
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fciramiaa on the shaft of a long bone, but more eaaily into tbe 
articular ends. A nerve also enters the medullaiy canal with the 
nutrient artery of the medulla, and divides like the artery into an 
ascending and a descending branch. Of all tbe bones, the tibia 
presents the largest canal for the nutrient artery of the marrow ; 
in this bone also it is easy to trace the entrance of the nerve with 
the artery. Though Iwne in health baa but little senHibility, yet, 
when diseased, it becomes greatly exalted. Mr. Stanley" says he 
has " witneBsed the manifestation of pain as acute from the pene- 
tration of an inflamed bone by a saw or trephine, as from incisionti 
of the inflamed soft parts." The same author has likewise a chapter 
on " Neuralgia of Bone." Every siirgeon must have witnessed how 
sensitive are gnmulations from bone. Indeed, it is probable that 
the severe pain attendant on the ulceration of articular cartilage is 
occasioned by the pressure of the cartilage on the bone granulations 
beneath it. 
Absobbbntb of The absorbents of hone have not hitherto been 
"*' actually demonstrated. That bone does possess 

abBorbents, is rendered highly probable from tbe fact that ivory 
pegs introduced into bones, for the purpose of consolidating un- 
united fractures, are in some instances absorbed. 
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This is a most interesting and instructive study. It reveals to 
us that bones are as minutely provided with blood-vessels and 
nerves, and in all respects as much cared for, as the sofrer parts of 
the body. Being as fully organised as the other parts, we cannot 
wonder that they are subject to the same diseases. We shall have 
to investigate how the bones are formed in early life, how they 
grow to maturity, how their health is maintained, and how their 
injuries are repaired. Would anyone, looking at a solid bone, 
expect to lind that even its hardest parts are tunnelled out by a 
network of minute canals for the passage of capillary blood-vessels ; 



* Ou DUewea of Uie Bodm. Introduciion, p. xL 
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and that froin theBe canals other tubes, infiuiteiy more minute, 
aod expauding here and there into reservnirB, radiate in all direc- 
tions for the purpose of nutrition ? 

General idea of j^et uB finit get a general idea of the mii-ro- 
t c lu jeict. scopic structure of bone, and go into details 

afterwards. If a transverfie section from the shaft of a long bone 
be ground extremely thin, and examined with a power of about 
20 diameters (Plate B, fig. 4), we shall see a number of Imles, 
with dark spots grouped round them, in a eeiies of tolerably 
concentric circles. These holes are aections of the canals (termed 
" Haveraian," after their discoverer, Clopton Havers * ) which 
transmit bhxid-veasels into the substance of the bone. The dark 
spots are minute reservoirs, called " bone corpuscles," " bone cells," 
or " lacuna." One would inu^ne they were solid bodies, but they 
are really cavities ; and their dajk appearance in the dry bone is 
owing to the refraction of the light. As we examine the different 
parts of the section under the microscope, we notice that the 
Haversian canals vary considerably in size and shape. They are 
generally round or oval. Those nearest to the circumference of 
the bone are very small; but towards the medullary cavity they 
gradually grow larger, and at last open out into the cells of the 
cancellous texture. 

Let us now examine the same section with a higher power 
(Plate B, fig. 6), and we shall find that the Haversian canals are 
BuiTounded by a series of concentric lines, reminding us of the 
tranverse section of the branch of a tree. These lines are termed 
the " laminsG : " they are in truth so many layers or rings of bone 
that have been developed within the Haversian canal. Understand 
that even the smallest Haversian canal was, when originally formed, 
a much wider apace, and circumscribed by only a single layer of 
bone ; but in process of growth the canal becomes gradually con- 
tracted by the deposit of successive layers of bone. We notice 
also that the dark spots, before alluded to as the " lacunie," are 
situated betweA the laminae, and that now, under a higher magni- 
B power, they look like spiders. The central part of the lacuna, 
mting the body of the spider, is hollow, and the dark fila- 

* An Bogliih phy^un ol tin; 1 7lh ccnlurj'. 
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ments which pass off from it, representing the legs, are minute 
tubes termed " canaliculi : " these are exceedingly numerous, and 
radiate from all parts of the ^' lacuna," through the laminae. Now 
since the canaliculi of one circle of lacunse communicate most 
freely with those of the next circle, and the canaliculi nearest to 
the Haversian canal open directly into it, we see that by means of 
this system of radiating tubes a complete communication is esta- 
blished between the Haversian canal in the centre, and the succes- 
sive circles of bone which surround it. The nutrient juice of 
the bone proceeds from the blood-vessels in the central canal, 
and is transmitted through the canaliculi from one lacuna to 
another. 

WhatisanHar Every Haversian canal taken in conjunction 
versian system ^^j^ j^ concentric layers of bone, lacunae, and 

canaliculi, is termed an ^* Haversian i^stem." It may be 
compared to the planetary system. As the sun is the centre 
of light and heat to the planets around it, so is the blood-vessel in 
the Haversian canal the centre of nutrition to the surrounding 
circles of bone. 

Almost all the compact substance of bone is made up of a multi- 
tude of these ^^ Haversian systems." Each system is, to a certain 
extent, independent of its neighbour, since the lacunae of one sys- 
tem, communicate very, sparingly with those of another. In con- 
sequence of this isolation, we may sometimes find, in favourable 
sections, that each i^stem is more or less circumscribed by a 
tolerably distinct white line, which is transparent bone with but 
few canaliculi. 

Haversian in- As the Haversian systems are for the most 
^***^^ part circular, and arranged like sticks in a 

faggot, it is clear they cannot touch each other in all parts of 
their circumference ; so that here and there we may observe 
that triangular portions of bone fill up the gaps between them. 
Such portions are termed " Haversian interspaces " (Plate B, 
fig. 46). These ** outlying" portions of bone are also provided 
with lacunae and canaliculi, and they derive their nourishment 
from the surrounding Haversian systems, of which they are, so to 
speak, dependencies. 
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The seciion we have all along been examining was a transvense 
one. We must now make an equally thin section in the longitudinal 
direction of the shaft, and we shall have quit* a different appear- 
ance {Plate B, fig. 3). We shall cut in the course of the Haversian 
CAnals, not across thera ; and we shall fi.nd that, as a general rule, 
they run parallel to the surface of the bone {no matter whether 
long or flat), and that they communicate very frequently by trans- 
verse or more or less oblique canals. If the section be large 
enough for us to trace the Haversian canals near the circumference, 
we shall find that many open on the outer surface, in order to 
admit blood-vessels from the periosteum ; others, again, will open 
out into the medullary canal, in order to admit blood-vessels from 
the interior. In this way the iiaversian canals permeate the com- 
pact substance of the bone, and establish a free communication 
between the blood-vessels of the periosteum and those of 
medulla. These canals may, in fiict, be regarded as so many multb 
plications of surface for the ramifications of blood-vessels, in order 
that no part of the bone substance may be beyond the range of 
nutrition. 

In this longitudinal section, the lamiuie, in place of beu 
arranged concentrically, will be seen rumung in lines parallel wil 
the Haversian canals to which they belong. 
Bone tisjuB. At this stage of the investigation, a quest! 

naturally arises — Where is the earthy material, 
the phosphate and carbonate of lime ? To see this, the transverse 
section must be magnified about 1200 diameters (Phite B, fig. 5). 
We shall then discover that the earthy ingredient consists of an 
infinite multitude of minute osseous granules, which are deposited 
in a " matrix "* or bed of animal matter. This mixture of earthy 
granules and animal matter we call " bone tissue." It occupies 
all the space between the lacunar and their canaliculi. If the 
specimen we are examining were steeped for a time in dilute 
muriatic acid, the osseous granules would be dissolved out of it, 
and the little pits in the matrix in which the granules were im- 
bedded would become apparent. 

So far we have acquired a general notion of the minute structure 
of bone j that ia to say, of the " Haversian canals," the " lacunee 
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and their " canaliculi," the " lamin*," and the " oeseous gra- 
Dulea." We muHt now proceed to speak of these several parts a tittle 
more in detail ; and fifHt, of the Haversian canalH. 

Hatekhuh As Wiis said before, the Haversian canals 

Ca>i*u. ^g tiinnelied out of the compact substance 

of the bone, simply for the purpose of conveying blood-vessels 
for its nutrition. Observe, they form no part of the essential 
stnicture of bone. Wherever bone is so thin as to be able to 
derive its nutrition from the vascular membrane covering its sur- 
face, we do not find Haversian canals in it, nor does it require any. 
Kor instance, the delicate plates of bone comjiosing canotillous 
tissue, the paper-like bones in the interior of the nose, have no 
I^Iaversian canals in them : but they have plenty of lacunar, whicli 
send out their canaliculi to open uq the surface and imbibe the 
requisite nutrition. Bone so thin as to need no Haversian canals 
is called " non- vascular " bone. Such bone lives upon the blood 
which flows through the minute vessels of the mucous membrane. 
Bone has, therefore, like all other living structures, a self-formative 
power, and draws from the blood the materials for its own nutrition. 

Their diameter, The Haversian canals vary in diameter from 

TTuu ^ -i aii °^ *" inch, the averse being about 

j-J^. The smallest are found near the outer surface, where the boue 

is the moht compact ; but they graJually become larger towards 

interior, where they open out into the cancellous tissue, or into 

the medullary cavity. All of them, whatever their direction may 

be, are surrounded by concentric lamins of bone ; but the number 

of the lamime varies round different canals from 5 to 15 or more. 

if them also are lined by a very delicate membrane, continuous 

with the periosteum on the ext«rior of the bone. The smallest 

Til "t nicnta "^"if^'s contain only a single capillary blood-vessel ; 
the larger contain a network of vessels, while the 
Jftz^est, which gradually merge into the cancellous tissue, contain 
marrow as well as blood-vessels. 

Their lining Here it may be as well to mention a fact 

nietn e. concemiug the minute structure of bone, which 

should never be lost sight of. It is this : — that everywhere un- 
derneath the membrane in contact with the surface of boue. 
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whether it be the periosteum covering the exterior, t!ie prolonga- 
tion of it lining the Haverxtan canals, or the medullary membraue 
lining the cancelH, there is a delicate layer of soft fibrous tissue, 
with a multitude of small oval cells in it, termed " osteal cells " 
(Plate C, fig. 3). Now, bone grows by additioua to its surfaco, not 
by interstitial deposit, and it has been ascertained that these cells, 
and the soft tissue in which they are imbedded, are mainly con- 
cerned Id the process, and that by the successive ossification of this 
tissue and cells, the concentric layers of bone are produced within 
the Haversian canaL 

DiliLUtion of The knowledge of the free circulation of blooii 
Ha»eraUn canals through the substance of bone gives us the key 
jjjjp to some of the effects produced by inflammatiou 

in it For example, as inilammation in soft parts 
is attended by dilatation of the blood-vessels, so also is it in 
the case of bone. When bone is acutely inflamed, the blood- 
vessels in the Haversian canals become greatly enlarged, and cause 
the canals themselves to become larger by absorption of the bone 
tissue, — so much so as to give the bone, sometimes, a retldish 
coloiu. In operations where the surgeon has to cut throtigh in- 
flamed bone, one may see the blood flowing from the cut surface 
Fio, 6. of the bone, as it would from the soft parts, 

I More than this, the distended blood-vessels 
I may occafflOQ not only a gradual enlargement 
I of the Haversian canals, but their iuflam- 
I matory deposit may cause even a general 
I swelling of the compact substance of the txine, 
I and a natural separation of its component 
layers, so that it becomes light and spongy, 
adjuiuing cut. 

On the other hand, under certain circumstances 
liun iu Bome cases, of long-standing disease, e. g, chronic inflammation, 
we sometimes find that bones become much harder and thicker than 
natural. They may become as hard as ivory. Here the Haversian 
canals are nearly filled up by successive layers of lione. InduratL-d 
bone is therefore less vascular than healthy bone. A good ex- 
ample of " ebuniation " of bone is occasionally seen as the result of 
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chronic rheumatism, where the articular ends of bone lose their 
cartilage and become hard and polished like ivory, owing to the 

blocking up of the Haversian canals by bone. 

Lacuvje cha- The "lacunse" are the spider-like cavities which we 
r^teristicoftruc ^^^ between the laminae, arranged in concentric 

circles round the Haversian canals. They are 
characteristic of. true bone, and distinguish it from accidental 
" ossifications," sometimes met with as products of disease. 
Formerly the lacuna and canaliculi, in consequence of their dark 
colour, were considered to be solid ; but subsequent observation has 
proved them to be hollow, since they can be filled with turpentine 
or Canada balsam. If, for example, a drop of oil of turpentine be 
applied to a section of dry bone under the microscope, capiHaiy 
attraction will cause the fluid to enter the canaliculi, and its passage 
may be traced from one lacuna to another. It is a curious cir- 
cumstance, that, in the bones of bodies that have been embalmed, 
the bone cells and canaliculi are filled with the bituminous material. 

As a rule, the lacunae are oval and flattened, so that one of their 
broad sides may be turned towards the Haversian canal. The first 
ring of lacunae sends half of its canaliculi directly into the Haver- 
sian canal, while the other half communicate with the canaliculi 
of the second ring, and so on throughout the whole system. The 
nutrient fluid, or " plasma," of the blood, exuding through the 
coats of the blood-vessel in the Haversian canal, is imbibed by the 
nearest row of lacunae, and passed on from them to all the others 
in the Haversian system. One may say then that the lacunae are 
reservoirs of nutrition for the bone. 

Their size and In man, the lacunae measure about -^0^7 ^^ *"^ 
8 ap«- jjj^^ jjj their long diameter, and about j^^ in 

their short. It has been shown by Mr. Quekett that they vary 
in size and shape in the four great classes of animals, so 
that by means of this test it can be ascertained with certainty 
whether a given fragment of bone be part of a mammal, a bird, a 
reptile, or a fish. As this test is equally applicable in the case of 
fossil bones, it has an important bearing upon the study of geology. 
Another interesting fact discovered by Mr. Quekett is, that the 

size of the lacunae bears very little relation to the size of the animal 

c 2 
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to which Uiey helong. They are nearly as large in the bonea of 
the little lizard, as they are in tboae of the enormous extinct 
lizard, the Iguanodon. But their size does bear an exact propor- 
tion to that of the blood cells in the several classes of animals. 
Therefore, as reptiles have the largest blood cells, so have they also 
the largest lacuna:. 

CiniLicnLi: Eeapecting the " canal iculi " (Plate B, fig. 5), 

their Biie and observe how exceedingly minute they are ; that 
they run off from all parta of the circum- 
ference of the lacunae, and commimicate most freely with the 
canaliculi of the adjoining lacunae. Their diameter ranges from 
rruoo "^ ^^ '^*^^ '■'* aoouo °^ ^° '^•'^ ' ''"* there are some even 
Braaller. Tliey are far too small to allow the entrance of blnod 
cells. They admit the passage of nothing but a thin juice from the 
blood, the " plasma," destined to nourish the bone and keep it in a 
state iit for self-repair when injured by ilisea.se or violenca 

LiMiv^ In man, and almost all mammalian animals, 

bone grows by the deposit of fresh layers. In all 
cases the new layer is deposited on that surface of the old layer 
which is nest to the blood-vessel. Therefore, in a fully formed 
Haversian system, we get the appearance of "concentric" rings. 
They vary in thickness irom j^Vs ^ rrer "^ "■^ inch. Those 
around the Haversian canals vary from five to fifteen in number, 
and are called the " Haversian laminae." Those surrounding the 
circumference of a long bone which has reached its full growth, are 
termed "circumferential laminje" (Plate B, fig. 4 a). The ill- 
defined and broken layers apparent here and there in the Haver- 
sian interspaces are termed " interstitial laminw" (Plate B, fig. 4 by 
It seems doubtful how these interstitial lamime were originally 
formed ; hut the recent investigations of Messrs. Tomes aufl 
De Morgan lead them to believe that they are the remnants of 
Haversian systems that have been partially removed by absorption. 

Stracture irf ■ If a well-marked lamina be examined with a 
Ivnin*. power of 440 diameters, we sliall find that it 

consists of two portions — an inner, apparently structureless and 
clear: and an outer, granular and opaque (Plate C, fig. 1). This 
difference of structure arises from the manner in which the several 
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ingredients of bone are originally laid down. Here we must bear 
in mind that the animal matt«r of the bone, in it« nascent slate, 
eonaista of a soft, tibrouH tissue, which we call " intercellular," and 
of a number of cells called " osteal cells." The animal matter ia 
laid down first; the earthy part, consisting of graoules, is added 
afterwards ; and both intercellular substance and cells become 
ossified. Now the cells, when ossified, present a much more 
granular and opar[ue appearance than the osaifiefl intercellular 
substance. Tlierefore, if the cells, in place of being scattered here 
and there promiscuously, arrange themselves in a row close to- 
gether, leaving the intercellular matrix clear, the new layer of 
bone will present a linear appearance, there will be a layer of 
opaque or granular bone, and a layer of more transparent bone. 

Lamin«tion ; To Use the words of Messrs. Tomes and De Morgan", 
what is ii? "LEimination is but a definite linear arrangemenb 

of the osteal cells with their outlines permanently retained in the 
perfected bone." 

OssEODi The earthy salts are deposited in the animal 

Grancleh. matrix in the form of exceedingly minute granules. 
The Germans call them " bone crumbs." We cannot see them, 
however, without a magnifying power of 1200 diameters (Plate B. 
fig. 5). They vary in siae in different specimens of bone. In 
man their size ranges from j ^ - ^ to ^^^^^ of an inch. They can 
be very distinctly seen in the skulls of small birds — the canary, for 
instance — and also in the skull of the bat, where they are so much 
larger than in the human subject. After a section of bone has 
been steeped for some time in dilute hydrochloric acid, these 
earthy particles will be dissolved out of the animal matrix, and 
the little cavities in which they are imbedded can then he dis- 
tinctly seen. 

Fnunt in pa» It is an interesting and valuable practical fact, 

coming ftcan dead that these earthy granules are generally present 

in the pus which comes from dead bone. If a 

specimen of pus under such circumstances be examined with a 
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power of 500 diameters, a number of eailh granules raay be de- 
tected among the pus cells, — proving that there is dead bone 
somewhere. Mr, Quekett noticed this ffwt many years ago. Mr. 
Bransby Cooper has also ascertaiued that in pus coming from 
diseased bone there is as much as two and a half per cenL of 
phosphate of lime. 

HAVEnaijkN This name has heen given by Messrs. Tomes and 

Spaces. pg Morgan to certain spaces which tbey have lately 

discovered in bone (Plate C, fig. 2). The spaces are produced l^y 
absorption of old bone, and in process of time are again filled up 
with deposits of new laminated bone. This discovery is important, 
since it shows that bone is not a stationary strocture ; on the con- 
trary, it is subject to a kind of absorption and reproduction of its 
tissue, throughout life, the activity of the process diminishing with 
advancing age. How are we to distinguish these " Haversian 

How disiin- spaces" from " Haversian canals?" As follows : — 
guisbed from Ha- The walls of the Haversian canals have a smooth 
veraian =Bn»lt regular outline; on the other band, the Haver- 
sian spaces have a festooned irregular boundary, apparently 
produced by the absorption of part« of several Haversian sys- 
tems. Indeed, the authors just mentioned consider that the 
" interstitial lamina? " are but the remains of Haversian systems 
nearly all absorbed. 

" Haversian spaces " may be found in various conditions. In 
some the process of absorption is still going on; in others the de- 
posit of new bone has commenced. Thiis, then, it would seem that 
portions of the circumference of three or four Haversian systems, 
having lived a certain time, are gradually removed, and presently 
a new Haversian system is set up in their place. 

Abticclab By this we understand a thin layer of bone 

Boi™ : lu prcu- situated immediately under articular cartilage- 
liarities. . - > . ■ 

and since there is a pecuuarity about the structure 

of it, we will allude to it here. If a perpendicular section be made 
through the articiUar surface of any fresh bone with the cartilage 
attached, it will be observed, {as seen in the cut,) that the cartilage 
does not rest immediately upon the cancellous tissue of the bone, 
biit upon a thin compact crust of bone which closes the cancelli. 
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This crust, which we call "articular bone," v 
is of a remarkably white co- 
lour. But its chief peculiarity ^"'' ■" 
consistB LP this, — that it him 
no Haversian canala in it, and 
and therefore is not vasoitar. 
The blood-vessels of the can- 
cellous tissue run up only as 
high UK its under surface, and 
then turn back in loops. More- 
over, its " bone cells " are three 
or four times larger than in 
ordinary bone, and are desti- 
tute of canalicull. Here is a 
striking instance of design. 
This layer of bone, having no 
Haversian canals, is much less porous than common bone, and in 
consequence of its closer t«xture is all the stronger, and more 
adapted to form an unyielding surface for the support of the 
articidar cartilage. 

Although articular bone and adult articidar cartilage have no 
blood-vessels in health, yet thay both become vascular in some 
vasEis of disease of the cartilf^e. Blood-vessels may be seen, when 
successfully injected, shooting up through the heretofore non- 
vsscidar layer of bone into the oartilage on its surface. 
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FORMATION OF BONE IN THE EUBRTO. 



Remember what bone is: — A matrix or bed of 



salts. The animal matter may be cartilage, or 
membrane. Hence we have formation of bone in cartilage, and 
formation of bone in membrane. These subjects must be con- 
sidered separately ; and in order to a right understanding of the 
first of the two, it is essential to know something of the nature of 
cartilage. 
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Nniure of coi- Cartilage, commonly called gristle, is tough, 
"'■^- flexible, very etaatic, of a greyish-white colour, 

and used for various purposes in the fuiiinal body. Ttiere are 
many kinds of it. The simplest kind, when examined with the 
microscope, is found to consist of a maea of nucleated cells, closely 
Simple cartUoge. packed and variously f<haped from mutual pressure. 

Such cartilage as this may be seen in a tadpole, or 
in the spinal cord of a lampern, or in the ear of a bat or mouse 
(Plate B, fig. 3). Under the microscope, though not to the naked 
eye, it is just like some kinds of vegetable tissue, for iustance, the 
pith of the eUler. 

Another kind of cartilage, and that which chieBy concerns us, 
consists of nucleated cells (cells with nuclei in their interior) of 
various shapes, not packed cloeely, but imbedded in a matrix of a 
horaogenemis substance, termed " intercellular." It is altogether 
a much firmer kind of cartilage. Now the nature of this inter- 
H jBlina cwtiUge. cellular substance varies. It may be clear and 

transpEirent like glass: then we caJl it "hyaline 
cartilage" (fig. 2). Of this kind is the fcehtl skeleton, and the 
cartilage of the joints throughout life. Or the intercellular sub- 
stance may contain more or less of fibrous tissue : then we call it 
Fibro-caniUge. " fibro-cartilage " (fig. 1). This kind of cartilage 

constitutes the gristle of the nose ami the ear; 
and since it never ossifies, it is sometimes called " permanent " car- 
tilage, as opposed to hyaline or ftetal cartilage, which does ossify, 
and is therefore ouly *' temporaiy." 
Pwichondriuni. All kinds of cartili^e, with the exception of 

that which covers the ends of the bones (articular 
cartilage), are invested with a white fibrous membrane, termed 
" perichondrium." This, like the periosteum of the bones, serves 
to support the nutrient blood-vessels of the cartilage. When the 
cartilage is thin, the vessels proceed no further than the surface: 
but when it is thick, they are prolonged into its substance by means 
of canals, carrying with them a sheath of perichondrium. When 
cartilage is about to ossify, these canaLi increase in number and 
size, in order to provide a free supply of blood from which the bone 
earth is deposited. 
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Articiilar cartU^e has no perichondrium, neither has ite blood- 
vt^Hsels, except in the young condition. But when diseased, it has 
been proved by injection" that blood-vessels do shoot into the 
cartilage through the layer of articular bone beneath it. 

Development of The parte of the embryo animal destined t^i 
bone in canilagc j^conie bone, may be delected as early as t.he 
seventh week after conception, in the shape of a gelatinous pul|> 
without trace of organisation, contained in a delicate membrane. 
Presently this pulp becomes converted into the simplest form of 
carti t(^, ^ that is, an aggregation of closely-packed nucleated 
cells. But since a mere aggregation of soft cells would not be a 
sufficient basis of support to the siirrounding parts in progress of 
development, intercellular substance is added to give it greater 
solidity, and this " simple " cartilage becomes " hyaline " cartilage. 
Thus the entire skeleton of the fcetus, with the exception of the 
skull-cap and Uie bones of the fiic©, consists at first of hyaline 
cartilage. 

Cartilage be- When the proper time for ossification arrives, 
comes more vai- that part of the cartilage which is about to ossify 
cnUr prsriotu to , , i > > . 

otiiflcuian. becomes permeated ny larger and more numerous 

canals for the passage of the blood-vessels which 
carry the bone earth in solution. Presently, minute specks of 
bone are deposited in the hyaline substance ; and for every par- 
ticle of bone laid down, a particle of animal matter is removed 
to make place for it, othenvise there would be a redundancy 
of bulk. The deposition of bone does not take place at once 
in alt parts of the cartilage, but at certain points, which are called 

Ceotrei of osai- " centres of ossification." Every bone has a 
^'*''°"" definite number of these centres, which always 

appear in the same place ; and from these centres the ossification 
^extends according to a regular plan. The number of centres varies 
in different bones. Some bones have only a single centre ; others 
two, tbree, five, seven, &c. ; and the bone called the " sacrum " has 
many as thirty-three centres before Its ossification is complete. 



• See CftUlogno of ihc Histological Series i 
ToL I pUt« Tui. fig. 11. 
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Observe, the centrea of any given bone do not all appear at once: 
some appear before birtli, others after it, but all in regular aucoes- 
sion, and at Btat«d periods, aocording to the degree of importance 
of the bone, and the ftinction which it haa to perform ; e. g. tlte 
lower jaw and the ribs osfiily early, because suction and respiration 
are brought into play at birth. As a general rule, each centre 
appears first in the middle of the portion of cartilage which it will 
subsequently ossify ; and thence the ossification extends towards 
the circumference in the flat bones, and towards the extremities in 
the long bones. Almost all the bones, then, in infancy and child- 
hood, are made up of so many distinct bony pieces united together 
by cartilage: and these several pieces remain distinct until the 
statnre of the individual is complete, at which time they are all 
consolidatei!. 

Osaificoiion of As a good example of what can be seen of the 
the diigh-hone process of o-saification with the naked eye, let us 
^ ]^ follow out that of the thigh-bone (Plate D, figs. I 

to 6). The future bone is at first sketched out 
in hyaline cartilage. About tlie beginning of the third month 
after conception, the first centre of ossification appears in the 
middle of the shaft; — and this, by the way, is the case in all 
the long bones (fig. 1). From this point ossification gradually 
extends up and down the shaft, which is all ossifieil before the other 
centres appear. About the last month of ftetal life, a second centre 
appears in the lower end, which forms the knee (fig. 3). About 
the end of the first year after birth, a third centre appears at the 
upper end or head of the bone (fig. 4). In the course of the fourth 
year a fourth centre appears in the projection termed the "trochanter 
major" (fig. 5). In the course of the fourteenth or fifteenth year 
a fifth and last centre appears in the " trochanter minor " (fig. 6). 

MoaninB of Thus, then, the thigh-bone has five centres of 

■* dUphyaii-^and ossification. The shaft or body of the bone, which 

ossifies first, i a called the "diaphysis;" the other 
parts are termed "epiphyses." As these epiphyses, during the 
period of growth, are i>nly united to the shaft by a layer of car- 
tilage, the separation of an epiphysis by violence is not an 
infrequent accident in childhooii. When growth is complete. 
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all the epiphyses are coDsolidated with the rest of the bone, 
and no cartilage remains except at the articular surfaces, where 
there is a thin layer of it to break the shocks at the joints. 

Order in which It is worth observing, concerning the union of 
the epiphyaes ^.he articular epiphyses at the ei\ds of the long 

bones, that the epiphysis of that end towards 
which the canal for the medullary artery runs, always unites to 
the shaft before the epiphysis at the other end does. 

It is a curious fiact, also, that the order in which the epiphyses 
imite to the shaft of a bone is just the reverse of that in which 
they begin to ossify. Thus, the trochanter minor unites first; 
afterwards, the trochanter major ; then, the head of the femur ; 
lastly, the lower end. At the age of twenty-one, or near it, 
they have all united to form a single bone. 

Final purpose The fact that bones are developed from several 
of development ossific centres, separated by layers of cartilage, 
jj.^ has for its final purpose the well-being of the 

growing animal. For example, it is necessary to 
have one part of a bone ossified to support weight, while other parts 
remain cartilage to take off concussion. **The young lamb or 
foal," to use the words of Professor Owen, " can stand on its foiw 
legs as soon as it is bom ; it lifts its body well above the ground, 
and quickly begins to run and bound. The shock to the limbs 
themselves is broken and diminished at this tender age by the 
division of the supporting long bones, — by the interposition of the 
cushions of cartilage between the diaphyses and the epiphyses." 
The nervous system of slow and cold-blooded animals, whose limbs 
sprawl outwards, and whose body trails upon the ground, does not 
demand such protection. Therefore we do not find epiphyses, with 
cushions of cartilage, at the ends of the shafts of the long bones of 
saurians and tortoises. But when the reptile moves by leaps, then 
the principle of ossifjdng the long bones by distinct centres again 
prevails, and the extremities of the humeri and femora long remain 
epiphyses in frogs. 

We recognise also a definite purpose in separate centres of ossi- 
fication in the bones of the head of the human fcetus, in relation to 
facilitating birth. The bones of the skull-cap, being connected 
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only by membrane, are permitted to overlap each other a little 
during parturition. 

However, in some instances, do satisfactory explanation, so far as 
purpose is concerned, can be given why a bone should have a cer- 
tain number of jiientres from which it ossifies. We must then fall 
back upon the general plan of organisation, the "unity of type" 
which pervades the construction of animals; and then we shall 
find that in our own skeleton many Buch separate centres of ossi- 
fication represent permanently distinct bones in some of the lower 
animals, 

MicTOMopic ex- Let U8 now pass on to examine what the micro- 
aminBtionofoMi- g^opg reveals to us concerning the ossification of 
^ing cirtilagc 

cartilage. For this purpose tt is necessary to 

procure the &esh fcetus of any mammalian animal, and to make 
thin sections through the bone and the cartilage at the point 
where ossification is going on. It requires much dexterity 
and practice to make the sections thin enough to be trans- 
parent, and without severing the connection between the car- 
tilage and the bone shooting into it. It is to this precise spot, 
where the cartilage and bone meet, that we are to direct our atten- 
tion. We will anticipate the subject by stating the general belief, 
that the kyaline or basis substaiice of cartilage bectymee converted 
into the basis si^stance of bone, lukHe tlie granular nuclei of the 
cartilage ceila form the lacuwe and canaiicuM. 

When all is ready for ossification, the cartilage ia permeated by 
larger and more numerous channels for the blood-vessels which 
carry the bone earth in a state of solution in the blood. The 
earth itself is theu laid down, in the form of eitremely minute 
Chinges in iho granules, in the hyaline substance of the cartilage. 
cvtilagi edit Meantime this deposit ih preceded and attended by 

remarkable changes in the cartilage cells. All is life and activity 
with them to make ready for the coming change. The cells 
multiply again and again by subdivision, so as to arrange them- 
selves in slightly undulating rows, perpendicular to the advancing 
bone. But this is not all : some of the cells which are nearest 
to the bone become enlarged to five or six times their original size, 
and invest themselves with a thick cell wall at the ejipenBe of the 
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ttline substance, which is thus reduced to a thin film between the 
Bells. These enlarged cells have been termed by Messrs. Toraea 
and De Morgan " lacunal cella," since it is from the granular cells 
in their interior that the lacunte of bone are developed. And here 
observe, that, although the bulk of the hyaline substance of the 
cartili^e Is diminished by this enlargement of the cella, nevertheless 
the Blrength of what remains is actually increased by its being 
irapregnatijd with earthy salts. 

As the deposit of bone advances, not only between the rows of 
cells, but also between the cella themselves, we can understand 
that theae become gradually surrounded on all sides by osaified 
hyaline substance, so as to he buried, as it were, in osseous crypts. 
Contemporaneously with this process, the cells themselves undergo 
a strange metamorphosis. Their outer cell wall is grailually osaified 
by the deposition of earth granules, while the granular cell in the 
interior concurrently moidds itself into a lacuna, and shoots out its 
canahcuh into the young bone of the cell wall. When fully ossified, 
the cell wall disappears, and cannot he distingiabed from the 
ossified hyaline tisaue. How the canaliculi of- the young lacunce 
establish a communication with each other, ia not exactly ascer- 
tained. 

In plate C, fig. 5, there is a diagram of a perpendicular section 
of ossifying cartilf^e. It shows the spicula of bone advancing into 
the hyaline tissue between the rows of the cartil^e cells, and also 
between the cells themselves. 

Fig. 6 shows a tranaverse section through the ossifying surface. 
We see the cartilage cells enclosed in their little crypts of bone, 
forming a kind of uniform pattern. The cells themselves appear 
in various stages of transformation into lacunse, 

Dewlopmem or For a long time it was a puzzle in phyaology 
lacuna rrom the j^^^ j_^^ lacunffi and canalicuIi of bone were 
cells of cartilage. 

formed. Some observers contended that they were 

nothing more than spaces left between the layers of bone, like 
gaps in the weaving of an artificial fabric. Others mainttuned 
that they were transformations of the cells pre-existing in the car- 
tilage, and supported their opinion by appealing to the successive 
steps of the process by which a vegetable cell is lignilied. It is no 
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easy matter to follow up sucb investigations as these. All is 
Btraightforward enough an long aa the sections are tranaparent ; 
but as ossification advances, the bone granules laid down in the 
hyaline tissue cloud the field at the critical moraent where the 
chief point of interest lies, and render further observation almost 
impossible. 

At present, however, there appears to be no reasonuble doubt 
that the lacuna of bone are developed from cartiU^ cells, and on 
the following grounds:^!. While examining the ossifying shaft of 
a bone affected with rickets, KolUker* accidentally discovered that 
in this disease the hyaline substance of the cartilage remains un- 
ossified, — or all events ossifies very slowly, — while the cartilage 
cells do osisify just as under ordinary circumstances. Here, then, 
lie had an excellent opportunity of seeing the gradual conversion of 
the cartilage cells into lacunie with canaliculi, and of tracing the 
successive steps of the transformation, from beginning to end. 
2. In certain parts of the body — for instance, at the symphysis 
pubis, in the intervertebral siibstances, in the articulation between 
the ilium and the sacrum, and, generally, wherever fibro-cartilage 
or tendon is attached to the bone— we find cartilage cells lying free 
in the matrix, and presenting various degrees of transformation into 
lacunte : so that the conditions in normal tissue also favour the pre- 
sent belief as to the mode of origin of the lacunae. 3. Another 
argument is derived from the phenomena attending the occasional 
ossification of cartilaginous tumours.t When such tumours ossify, 
it is not the intercellular matrix, but the cartilage cell, which ossi- 
fies: one can see the cell wall gradually filling with Buccessive 
layers of bone, while the nucleus remans a lacuna, and slioots 
forth canaliculi. 

Messrs. Tomes and De MorganJ have succeeded in tracing the 
development of lacunie from the cells of cartilage (Plate C, fig. 4). 
Previous to ossification, the enlarged cartili^e cell, which they call 
a " lacunal ^ cell, consists of an outer pellucid cell wall (a), a 

* Ueber TerknuehcraDg bei Racbitia und a. w. in MitLbeil. Str Zijricb nat, 
UoKlbch. 184T. {I. 9». 

f Set Professor Qnekett'e Lectores. vol. ii. page 165. 
i Fbiloaopbical Tnuuactioaa for 1853. 
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granular cell {b), and a nucleolus (c). The outer cell wall ossifies, 
and disappears in the surroundiDg bony depoait {/). The granular 
cell deconaes a lacuna by gradually throwing out caualiculi (d, e). 

Farmaiioii of Tlie ossified hyaline tissue, and the ossiiied cell 
canMllou* lUsoe. ^^j ^jf t|jg f^^J^ cartilage, are not destined to u 
long existence. No sooner is the bone laid down, than large 
spaces are formed in it by absorption, below the line of ossi- 
fication (fig. 5). These spaces are irregular in form and size, 
open freely into each other, and are filled with a reddish-coloured 
marrow, and blood-vessela Some of them remain to form the 
temporary cancellous tissue of the young bone. Others, to form 
the more compact substance, are gradually filled up by a deposit of 
laminated bone, precisely in the same way as the Haversian canals. 
In this process of filling up, no fresh cartilage is formed : none is 
required, for the bone at this stage can support itself, and needs 
not the mechanical aid of cartilage. The process which takes place 
in the formation of this "secondary boue," aa it is called, is aa 
follows: — A layer of osteal cells, connected by a soft intermediate 
tissue, is laid down on the inner surface of the cancellous space ; 
cells and intermediate tissue become oanified, and form a thin layer 
of bone. The same process is repeated again and again, until the 
cancellous apace is filled up to the extent desirable, and baa become, 
in fact, an Haversian system. But how, it may be asked, are the 
lacunar formed in this " secondary " bone ? Simply by the trans- 
formation of some of the osteal cells into lacunio. 

In brief, the ossification of ftetal cartilage may be thus summed 
up : — The cartilage becomes more vascular ; its cells multiply, 
arrange themselves in rows, and those nearest to the line of ossifi- 
cation increase greatly in size. The hyaline substance of the car- 
tilj^e ossifies; so does the cell wall ; but the granular nucleus of 
the cell remains to form the lacuna and canallcull. In the 
" primary " hone thus formed, large spaces are produced by ab- 
sorption, and are occupied at first by foetal marrow and blood- 
vessels. Of these, some remain ax cancellous tissue, others are 
filled up by layers of new laminated bone (" secondary bone "), and 
form the more compact tissue : tbey become, in short. Haversian 
^sterns. 
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What bono Bro Almost all the bones io the humaa body pre- 
dc-eioiwd from p^ifit in the shape of cartilage, and form what is 
Zym ml'^rZ^ '^^^^•^ ^^^ " cartilaginous skeleton," for the support 
of the embryo. But there are some hones which 
never were cartilaginous ; namely, the bones of the skull-cap (the 
frontal bone, the parietal, the upper hidf of the occipital, the 
squamous and tympanic parts of the temporal); also, the bones of 
the face; and laatly, the inner plate of the pterygoid process of the 
sphenoid. In fact, none of the bones of the skull pre-exist as car- 
tilage, escept those which form the l^ase of the skidl. This is 
sketched out in cartilage at a very early period of fcetal existence, 
in order to form a support for the important parts at the base of 
the young brain. The cap of the skull, at the time we ore speaking 
of, is aimply membranous. Our present object being to examine 
the formation of hone in membrane, we cannot do better than 
follow out the process in one of the cranial bones. We shall find 
that there is no essential difference between the formation of bone 
in cartilage, and its formation in membrane. In the one case the 
animal matrix is cartilage and cells, in the other, a soft fibrous 
tissue and cells. 
OaiiScatioD in We will speak first of what can be seen of the 
formation of boue iu membrane with the naked 
eye, taking the parietal Ixme as our example. In 
the early embryo, the covering of the brain is com- 
posed of two closely miited membranes — an out«r, termed the 
"pericranium;" and an inner, termed the "dura mater:" between 
these the bone is laid down. About the end of the second month 
after conception, a centre of osaitication appears in the middle of 
the space which is eventually to be occupied by the parietal bone. 
From this centre the deposition of bony matter radiates iu the 
form of fibres (Plate D, fig. 7). Similar centres of ossification, 
appearing simultaneously in other parts of the soft covering of the 
brain, and radiating in the same manner, sketch out the rudiments 
of the several bones of the skull-cap. For some time the individual 
bones are connected aimply by membrane ; and even at birth 
they can overlap each other a little, in order to facilitate par- 
turition. Long after birth, indeed, there are parts of the skull- 
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I cloded in by membrane only, oa everyone knows who Los felt 

I head of an infant (Plate XX. a, :fig. 4). These imossified parts 

[ «re called the " fontanel! es," from the rising and falling of the 

I brain beneath them, like the bubbling of a spring. As the child 

grows, the rays from the edges of the bones meet and dovetail so 

as to form what are called the " sutures." For a long period of 

life the sutures may be separated ; indeed, a thin film of animal 

matter is left unossified between the interlocking teeth of the bone, 

of which the manifeBt design is to break the shock of a blow on 

the cranium. As old age creeps on, even this film of animal 

. matter ossifies, and the cap of the akuU becomes a solid dome of 

I bone, with all trace of the sutures lost. 

Microscopic ex- So much can be seen with the naked eye 
(miiiaUMi of oad- concerning the process of ossification in mem- 
brane. Let ua now examine it with the micro- 
scope. We find that the membrane is richly provided with 
blood-vessels which pour out the animal matter or " matrix " 
for the bone, A careful examination of this animal matter, 
with a high power, shows it to consist of a multitude of oval 
celia (osteal cells)* closely packed, and held together by an 
almost structureless tissue ("blastema") (Plate C, fig. 3). The 
"bone crumbs" are laid down in this animal matrix, not onJy in 
the intervening tissue, but also in the osteal cells, and both 
become blended as they ossiiy. The intervening tissue, when 
ossified, is more transparent than the cells, owing to the latter 
having so much more bone earth in them. Observe, however, that 
all the osteal cells do not ossify ; some of them, here and there, 
develope themselves into lacunal cells, which form " lacunie,"* and 
shoot out canoliculi. These canaliculi do not stop at the surface 
f the cell vrall, but extend their arms in all directions, pasmng 
irough or between the ossified cells, and establishing the freest 
fommunication with each other. 

ft'hoever desires to examine this for himself should procure the 

inll of a three-months ftetus, or a fostal lamb of the same date. 

i dura mater and the periosteum shoidd be slrippetl off the 
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nidimental parietal bone. If done carefully, he will find that not 
only on both surfaces of the young bone, but also along its free 
edge, there is a thin film of the soft animal matrix we have been 
speaking of. The best place to examine the matrix is at the edge 
of the boue, from which it ia seen gradually passiiig off in thin 
fibre-like lines. Here it is quite transparent. The dark rays of 
bone may be seen advancing omongiit the osteal cells, and the 
cells themselves may be seen in all states and stages of development. 
The more distant are still transparent, and without bone granules; 
some, nearer the bone, are gradually filling with Iwne granules; 
others are full of them, and imbedded in the ossifying intercellular 
tissue ; lastly, some may be detecteii in process of transformation 
into lacunte. Of course the investigation of nice points like these 
requires a practised eye and a b-st-rate microscope, with the 
accessory apparatus for modifying the light. 

Such and so simple is the formation of bone in membrane. The* 
process is the same in all cases, whether it take place between two 
membranes, as in the case of the flat bones of the skull ; or beneath 
the periosteum, in the long bones growing in circumference. The 
relative amount of the osteal cells, as compared with the intervening 
tissue, may and does vary in diflfereut bones and at different ages. 
But in all coses, no matter what the age or what the bone, the cells 
and intermediate tissue Ijecome blended as they ossify. If the 
ossified cells are scattered indiscriminately, the whole will present 
a tolerably uniform granular appearance. But if it so happen, as 
it does in adult bone, that the ossified cells keep close together, 
and arrange themselves in single file, then we shall have alternate 
layers of granular and transparent bone. Tlie appearance of 
" lamination" will be strongly marked (Plate C, fig. 3). 

HrtTcrsisn ca- We have, in the next place, to explain how the 

nulii : liow fonneil Haversian canals are formed in bone growine 
in bono growing . i n i o e 

rrora wembrane. """^ membrane. Hemember that the blood- 
vessels always precede the process of ossification. 
They are the i^nts which map out, and preside over, the 
direction in which the hone is to grow. The bone will grow 
gradually round them. Suppose, for instance, one or more 
arteries to run in a given direction : they first pour out the animal 
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matrix, and then deposit in it the Irone earth: thus by degrees 
they come to be surrounded by their own work. At first (Plate D, 
fig. 8) they lie in grooves on the growing bone, no that its surface 
presents a kind of fluted appearance. Presently the grooves 
become deeper by the uprising of the e<ige8 round the vessels: at 
laet the edges approach each other, and completely enclose the 
▼essels. Thus is sketched out the circumference of large Haversian 
canals. Within these canals a layer of matrix is laid down and 
ossified, then another, and so on until they become Haversian 
systems. 

How boret in- Tlie long bones increase in circumference, and 
uruK in ibick- ,|ie flat bones in thickness, not by interstitial 
deposit, Imt by the successive formation of fresh 
Haversian canals beneath the periosteum. Observe, no layer of 
cartili^e is laid down previously. It is simply ossification in 
membrane. The periosteum is composed of two strata— an out«r, 
strong and fibrous, in which the blood-vessels break up before Miey 
enter the bone; and an iuner, consisting of a softer tissue full of 
osteal cells, in immediate contact with the lione. The softer 
tstratum of the periosteum is continually renewed, so as lo present 
a basis of animal matrix, which ossifies round the blood-vessels, 
and forms a succession of Haversian canals. These, by endt^enous 
deposit, become Haversian syatems. The process goes on year 
after year, until the bone hsts reached the size it is destined to 
attain. The formation of Haversian canals is then arrested, and 
the periosteum puts the last finish to the work by girding the 
entire shaft of the bone with a number of circumferential laminae 
(Plate B, fig. 4 a). 

IniercBting Kt- That bones grow in thickness by additions to 
perinienw with ti,eir surface, and not by interstitial deposit, is 
proved from the interesting experiments made 
Srith madder. It was accidentally discovered by Mr. Belehier, 
ttiat madder tinges the bones a red colour. He gives the 
following account of the circumstances under which the dis- 
covery was made.* He happened to be dining with a calico- 



' Pbi)oao]jhical TraDEiiirtionE fur I73G, rul. x 
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printer on a leg of fresh pork, and was surprised to observe that 
the bones, instead of being white, aa usual, were red. On making 
ioijiiiry, he found that the pig had been fed on the refuse of the 
dyeing vata, which contained a large quantity of the colouring 
substance of madder. This fact naturaUy attracted the attention 
of physiologists. The red tinge was found to be commnnieated 
much more quickly to the bones of growing animala, than to those 
full grown. The bones of a young pigeon were tinged a rose colour 
in twenty-four hours. In the adult bird it took fifteen days to do it. 
The effect of madder upon bones depends upon this : — The colour- 
ing principle of the madder (rubia tinctorum) has a strong affinity 
for phosphate of lime. It appears, however, that the vegetable dye 
does not combine with the phosphate of lime already formed, but 
only with that which is actually forming and being deposited in 
the bones. Therefore, since the dye tinges only the most recent 
deposit of bone, it is possible to pro<iuce alternate rings of white 
and red bone, by periodically administering and withholding the 
madder as an article of diet. These rings will be observed not 
only at the circumference of the bone, but also within the Haversian 
systems/ 

How bonea in- Bones increase in length, not so much by 
crease in leogtii. interstitial deposit, as by addition to their ends. 
that ta, by progressive ossification of the layers of cartilage which 
intervene between the ends of the shaft and the epiphyses. These 
layers of cartilage furnish the animal basis of ossification, by 
constantly growing on the one surface while they ossify on the 
other. When the cartilage ceases to grow, ossification still goes 
on till the component parts of the bone are all united by bony 
matter ; and thus the stature of the individual is determined. If 
from inflammation or other cause the epiphyses unite sooner than 
they ought to do, then one limb may be shorter than the otiier. 
That bones grow chiefly by addition to their ends was proved by 
Hunter. He introduced shota at definite distances into the shaft 
of a growing bone of a common fowl, and examined them a 



• TUu pri?paiml[on.( ot bonw (oloured wiih madder in Ihe Hunterisn Mogenm are 
Ntw. 190 lo 901. The ■niflciol perforukmi are Nob- 188, 189, Fhytiolog. Series. 
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fortnight, or three weeks afterwarilB. The diatajice between the 

two shots was found only half as miich increased as the distance 

between a given shot and the end of the bone. 

FrogrewiTe de- The shaft of the ffftal bone consists at firat 

PMiion >Dd ab. entirely of canceUoua tissue, full of a reddish- 
■orpiion or boLie. 

coloured marrow. But soon the cancelli towards 

the circumference are gradually filled by successive layers of 
bone. They become Haversian systems, and fonn the compact 
tissue of the shaft; while the cancelli in the interior are ab- 
sorbed to form the medullary canal. Thus the perfect bone is 
sketched out in miniature. Henceforward, as each succeeding 
layer is laid on the circumference by the periosteum, so is the 
medullary cavity duly widened by absorption. This progres- 
sive deposition on the one hand, and absorption on the other, goes 
on modelling the shaft into ite requisite proportions during the 
successive st^es of growth. In a rapidly-growing bone there is 
nothing permanent. It is the very type of activity and change. 
No sooner is a part laid down than it is removed to make way for 
the development of another on a more extended scale. The bone 
of to-day is not the bone of yesterday. These two processes of 
absorption and deposition are so combined and harmonised, that 
during the long period of growth any given bone is regenerated, as 
it were, several times. For instance, the thigh-bone of an infant at 
birth does not contain an af«m of the osseous tissue which eiisted 
three months after conception ; nor does the femur of an adult 
contain an atom of the tissue which nnade up his bone when he was 
six months old. 

Practical ic- Such is an outline of the structure and forma- 

mwksoniheTsluo tj^Q ^f |jQj,g^ jj jg ^^ gubject interesting not only 

of iho perioileiiln. . i . , . , i i 

for its own sake, but because it helps us towards 

the explanation of what we are every day seeing of the processes 
of disease, and the repnir of injuries, in bone ; and what is more, it 
helps US towards a rational treatment of them. To give a few 
examples. Look at the value of the periosteum. Suppose a por- 
tion of periosteum to be detached by injury or disease from the 
surface of a bone, a part of the tliickness of the subjacent bone 
will run great risk of dying. It will not neceaaarily die, because 
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its lilood- vessels may still be filled from within, owing to the free 
communication between the blood-vessels of the perioBteum and 
those of the marrow. In a case of compound fracture, wliere there 
are loose fragments of bone, we ought not to remove any that are 
still connected to their periosteum. Or, when a portion of the 
skull-cap is sliced off with the scalp by a sabre cut, and adheres to 
it firmly, the scalp and boue should be re-applied, and the cure 
will often be effected without difficulty. In the Hunterian 
Museum, there are ten skulls which have suffered from very 
severe sabre cut^i. The portious of hone thus sliced off, were once 
detached, and afterwards re-imited a little out of their proper 
place, so that the line of separation can he distinctly seen.* Again, 
there are cases in which, either from exposure to cold or from 
direct injury, acute inflammation of the periosteum of the shaft of 
a bone ensues, effusion of fluid takes place beneath it, and severs 
the connection between it and the Ixme. The death (necrosis) of 
the entire shaft may be the consequence. Then, what happens? 
As the inflammation subsides, the bone-secreting layer of the 
periosteum sets about forming new bone round that which is dead, 
so as by degrees to enclose it in a bony case. The dead bone lies 
loose in this new case, having been detached from the articular 
enils, which (observe) do not die like the shaft: and for this 
reason, — that they are less compact, and laigely supplied with 
blood by the articular arteries. The articular ends of the old bone 
become in time the articular ends of the new bone. Thus the 
periosteum has formed a new shaft with a capacious cavity in itti 
interior, in which the old bone is enclosed, and will remain so, and 
be a source of irritation for years, unless removed by a aui^ical 
operation. 

Although the periosteum holds the first rank of all the struc- 
tures which minister to the repair of bone, still we are not to 
suppose that it is absolutely essential to the process. WTiere 
nature finds it necessary that bone should exist, she can form it out 
of almost any tissue. For example : In a case of compound frac- 

• Mr. O'HiUorsn, who practised in Dnblin, the melropolis of cut heaiLi. and vary 
naturally wrolo on injnriea of thcso pBrta, gires many curiom caaes of injorias to Iho 
head, where piocw of bone cut off by a aword have readily healed. 
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ture of the leg, where a portion of tiie entire circumference of the 
tibia, including its perioateum, was taken away, the vacancy in the 
bone was filled up by new Oiiseous gubetance secreted by the aiir- 
rouading soft tissues, and there, was no shortening of the limb.* 
Again, we occaaionally see the intervening soft tissues forming 
bridges of bone, to repair a fracture where the broken ends them- 
selves are widely apart. 

Muterial for iho In the repair of fractures, nature makes use of 
repair of frsctures. ^^^ ^^^ material as that out of which bone was 
originally formed. She lays down the animal matter first, which is 
of a fibrous nature or cartilaginous, — or perhaps a mixture of both, 
as the case may be,— and then deposits in it the earthy salts. In 
the case of a simple fracture, where the broken ends are kept in 
contact and perfectly immoveable by artificial splints, the bones 
unite almost like an incised wound of soft parts. After all the 
effused blood is absorbed between the broken ends, a soft fibrous 
substance (blastema) full of osteal cells is thrown out from the ends 
of the broken bone, so aa to form a thin layer of animal matter 
(intermediate callus) between them. This gradually hardens, and 
the bone earth is then deposited in the blastema and cells. Thus 
the ends are imited. It occupies a period varying from four to ten 
weeks, according to the bone broken; e.g. the clavicle and the 
ribs unite more quickly than other bones, probably from their 
great vascularity. The process is simply an excess of nutrition. 
Apparently, more new bone than is wanted is formed. The excess 
fills up the medullary cavity at the seat of fracture, and rounds off 
corners and angles if there lie any. But when the j)e>'ma7ieiit 
uniting medium is strong enough, nature removes all that is seem- 
ingly superfluous, and the medullary canal is restored as it was 
before, after a period varying from sis to twelve months. On tlie 
other hand, suppose the fracture cannot be kept steady— as, for 
instance, in the case of animals — then nature provides a kind of 
■temporary splint, in the shape of a broad and thick ferrule of car- 
^tilage, which ossifies roimd the ends of the broken bone, in order 

• SWnlcj, DieeaMB of ihe Bones, p. 108. 
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to keep them as immoveable as possible^ while the permanent 
process of repair is going on between them. This ferrule^ termed 
the provisional callus*^ is not removed until the fracture has been 
thoroughly repaired* 



* ** Callus " u ihe term applied by the old surgeons to the material by which 
firactores were repaired. 



THE VERTEBRAL COLUMN. 
(Plates L ftud IL) 



The vertebral column or spine, (Plate II.), consists of a series 
of bones articulated together so as to describe three slight and 
graceful curves, the bend being forward in the loina, backward in 
the chest, and again forward in the neck. These bones are called 
the "vertebrae" because they permit the bending and rotation of 
the body (verfo, I turn). They are 24 in number ; of which seven* 
constitute the cervical r^on, twelve the dorsal, and five the 
limibar. Below the lumbar vertebras, the spine i^ supported upon 
a bone termed the " oa sacnim," which consista of live vertebrae 
firmly coalesced into a single lione. Below the sacrum is the 
little lione termed the " coccyx," from its resemblance to the beak 
of a cuckoo (wutucvf). This also contains the rudiments of three 
and sometimes four vertebrae. The vertebral formula of man, 
therefore, is — 7 cervical, 12 dorsal, 5 lumbar, 5 sacral, and 
4 coccygeal or caudal, in all 33. 

General dewrip- All the vertebrK are constructed upon one plan, 
[ioD Of averti-brs. ^j ij^^g certain conmion characters. These are 
modified in each region of the spiue, to suit its special require- 
ments. Let ua, therefore, first obtain a general knowledge of a 
vertebra, and of the names given to its several parts; and after- 
wards examine the characteristics of the vertebra in each region. 

Taking a lumbar vertebra as a pattern, we find it consists of a 
" body," or " centrum," which forms the columnar part, and 
supports the weight of the spine. The body is convex in front, 

* In >I1 boovn " mamnislis " there ore sercn cerricBl Tcrtcbne. with the exception 
of the three-loed sloth (bradfpiu tridactjlas), which hu two more iban mtcd, aod 
the manatee, or sea-cow, which has Icsa than leven. Id the skeleton of the whale. 
which to outward Hppearance seema to hare no neck, there arc aa many cervical 
Tcrlcbne aa in the giraffe. Il not this a striking instance of " nnity of type " within 
Ihe limiu of a class ? True, the veriehne in the neck of the whale are not moveable 
one upon another, because Ihej are required to give a lirm and nnjielding support to 
ihe head as it mores through the water. Still, seven vcrtebne are lubftantialij there. 
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but slightly concave t>ehijnd, in order to assist in the formation of 
the "vertebral foramen," for the transmiesion and protection of the 
spinal cord. The upper and lower surfaces of the body present a 
disc of solid bone at the circumference, and are eliglitly cupped in 
the centre for the lodgment of the soft and elastic Bubstances 
termed "intervertebral," which, in the recent subject, intervene, 
liie ao many " buffers," between the vertebrae. These discs of 
compact bone deserve notice, not only because they prevent the 
spongy bodies from being broken in the motions of the trunki 
but because they have separate centres of ossification, and re- 
mtun for some time " epiphyses" in early life.* A section made 
through the body of a vertebra shows it to be composed of cancel- 
lous tissue, which makes it light compared to its bulk. This tissue 
is traversed by large " venous canals," of which the orifices are 
observable on the surface, but chiefly on the back part, of the body, 
towards which the larger canals converge (Plate I. fig. 7.) Behind 
the body is the " vertebra! forameu." Now this foramen is formed 
by two thick plates (laminae) of bone, which proceed, one from 
each side of the body, and, gradually converging, unite in the form 
of an arch (vertebral areh). The spring of the arch ia sometimes 
called the " pedicle." The arch senda off seven projections, called 
the "processes." Of these, three-^namely, the " spinous" and 
the two " transverse" — form levers for the attachment of muscles. 
The "spinous process" arises from the top of the arch ; the two 
" transverse processes" pass off^ nearly horizontally, one from each 
side of it. The remaining four processes lock the vertebrae 
together, and are termed ''articular processes" — two superior, 
and two inferior. Lastly, where the arch springs from the body 
we observe two " notches" on either side, — an upper and a lower, 
the lower being always the larger. Wien the vertebrie are together, 
these notches make what are called the " intervertebral foramina," 
for the egress of the spinal nerven. (Plate II. a.) 



* In tho wIjkIu tribe (Ceucea) the dUce of the TCitetins tre of immenn mx, and, 
being separable from tlic btMliu of tlio vertebm in tnaiij of these aninialg, nic verj 
Rbiiadnnt on Ibe sea-ahore in northern climalea. Mr. Qnekctt, id bis Lc«turea on 
IliHtolopy, lueatione that when H.M.S, Uecia ms nrecked the crew uacd tlie«e 
disci at plrues. 
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Such^ then, are the constituent parts of a vertebra : namely, a 
body, an arch, a vertebral foramen ; seven outstanding processes, 
of which four are for articxUation, and three for the attachment of 
muscles; lastly, the notches for the transmission of the spinal 
nerves. 

We must next examine the peculiarities of the different vertebrae ; 
selecting in each case a well-marked example, since the peculiari- 
ties of one region gradually merge into those of the next. 

Characters of The general characters of the lumbar vertebrae 
LniiBAK Vkb- j^g ^ follows : — The " bodies" are large and oval, 

with their broad diameters from side to side, for the 
better support of the trunk. The vertical measurement of the bodies 
is greater in front than behind, in adaptation to the lumbar curve. 
Their ddes are slightly excavated, for economy of weight and bulL 
Their "spinous processes" are broad, square, and lofty, to give 
good leverage to the extensor muscles of the spine ; and stand out 
horizontally, so as not to interfere with the extension of the bacL 
Their " transverse processes" are thin and long, and appear like 
stunted ribs. Their "articular processes" are vertical, and very 
strong : the upper, slightly concave, look towards each other ; the 
lower, slightly convex, fit in between those of the succeeding ver- 
tebra. These articulations are so shaped as to admit not only 
of extension and flexion of the loins, but also of a certain amount 
of rotation, which is useful in progression. The "vertebral 
foramen" is triangular, with the angles roimded. The "io^ 
lumbar vertebra^ is distinguished from the others by the slope on 
the lower surface of its body, in adaptation to the slope of the 
sacrum, — ^by the thickness of its transverse processes for the attach- 
ment of the ilio-lumbar ligament, — ^by the great width between 
the lower articular processes, in order to increase the base of 
support, — and by its spinous process being reduced in the antero- 
posterior direction, so as not to impede free extension in this part 
of the bacL 

Characters of The following are the general characters of the 
the Dorsal Vbb- ^^^^^ vertebraB :— Their " bodies" are smaller than 

TERfiiB. 

those of the lumbar, since they have less weight 
to bear. Their vertical depth is less in front than behind, in 
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a^laptatioQ to the dorsal curve. They have two little cup-iike 
articular surfaces on each side for the reception of the heads of the 
rilw, the lower cups being the larger. By referring to the spine 
(Plate ir.), we observe that the socket for the head of the rib is 
formed by the articular cups of two vertebne with the intervening 
fihro-cartilage. Their " spinous processes" are long and slanting, 
so that they overlap each other, and prevent estension of the sptne 
in tliifl region. Their " tranaverae processes " are thick and strong, 
and have each, near their ends, an articiilar surface for the ribs, 
which they support like so many buttresses. Observe that those of 
the eleventh and twelfth are very small, and have not this surface, 
because the corresponding ribs ore too small and short to need 
their support. Of the " articular processes," the upper look back- 
wards, the lower forwards, and the planes of both are so nearly 
vertical that it is manifest there can be but little movement 
between any two dorsal vertebrae. The vertebral foramen is nearly 
round. 

CharscieTs of With regard to the cervical vertebne, their 
tlic CHnTic*L "bodies" present lateral ridges which fit into 
correBponding depressions on the side of the ver- 
tebra above, so as to prevent lateral displacement. They are 
smaller than in the dorsal region, and their greatest diameter is 
transverse. Their " spinous processes" are short and horizontal, in 
order to permit the free e.xtension of the neck : observe more 
particularly the shortness of the third, fourth, and 6fth. They are 
bifurcated" at the summit for muscular insertion. That of the 
seventh cervical vertebra is not bifurcated, — it projects beyond the 
others : and hence this vertebra is called the " vertebra prominens." 
The reason of its greater projection is, to give additional leverage 
to the elastic ligament (ligamentum nuchte), and the muscles 
which maintain the head erect. Their " transverse processes" are 
very remarkable. There is a lai^e " foramen" through their base, 
for the passive of the vertebral artery : there is a groove on their 
upper surface for the lodgment of the spinal nerves; and this 



• This bifurcation of Ihc ipincs of tbe cervical verlfibra; ii peculiu lo the hnman 
skeleton, the object being lo Bfford mort room for the iueertion of the powerfal 
moBclei irhich maintain ilu neck, and ibcrefon the bead, erect. 
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e bifurcates their summit, so that it presents two " tubercles," 
anterior and a posterior, both for the attachment of muscles.* 
Strictly speaking, we ought to say that the tranaverae process, of a 
cervical vertebra arises by two roots, which subsequently join, so as 
to form a forameu for the vertebral artery : the ajiterior root 
springs from the side of the body ; the posterior springs from the 
arch. Their "articular processes" are oblique and inclined, so 
that their planes make an angle of about 45° with the horizon. 
This degree of obliquity permits the requisite flexion and extension 
of the neck, as well as slight lateral inclination of it. A dislocation 
of one of these vertebne may happen without fracture of the arti- 
cular processes. Such a dislocation is exceedingly rare ; but there 
are specimensf of it in the Museum of St. Bartholomew's Hospital. 
It may be produced by sudden and forcible rotation of the neck. 
Baron Boyer^ speaks of an advocate who dislocated one of his 
cervical vertehne by suddenly turning his head round to see who 
was coming in at a door behind him. 

CharMten of The first and second cervical vertebrte imdergo 
tlie FiMT Sc Sb- more remarkable modifications than any of the 
„ rest, in order to permit the nodding movement and 

^^^^ the rotation of the head. 

^^^K The first cervical vertebra is called the " atlas," because it 
^^^Hsapports the head. This vertebra is more like a ring. It 
^^^^huis no body, like the others, but only a little " tubercle " in 
^^^^uront The reason generally assigned for this is, that the body haH 
^^^Vtwen removed to make way for the " odontoid process " of the second 
^^^^ Tertebra. This is all very well so far as it goes. But the correct 
I explanation is, that this same " odontoid process " is the body of 

y the atlas, and it is thus transferred and fixed to the second vertebra, 

1 in order to form a pivot for the atlas to rotate upon. It seems, at 

first sight, rather far-fetched to say that the atlas rotates round it;s 
^^^^ own body (detached) ; but it is nevertheless true, and borne out by 
^^^^Hhe facts of philosophical anatomy.^ 

^^^^^ • Obwrre especially tba lorgo Eize of tba nntcrioT tobercle of the 6II1 cerriul 
nrtebn. It U called the carotid lubercte. being n guide to the carotid aiWij. 
t Ser. iT. No. 8. IS, 13. % Truce des Malad. Chir. l It. c. iv, 

I S«e the Homologien of the TerUbrnte SkcJeion, by Profenor Omiri. 
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Now the entire form of the fttlaa is modified so as to be adapted 
to the rotatory movement of the head. In the first place, there is 
a little artieidar surface for the odontoid procesa on the anterior 
part of the ring of the atlas. The " spinoua process" is reduced 
to a mere tubercle (the posterior tubercle) ; for a large spine would 
obviously interfere with the free backward movement of the head. 
The " transverse processes" are thick and strong, and project fur 
beyond those of the other cervical vertebrfe, in order to give greater 
leverage to the inferior oblique muscles which assist in rotating the 
liead from side to side. Its " inferior articular " processes are flat, 
and nearly horizontal, so as to slide, in the movement of rotation, 
on the u]i].ier articular proceeaes of the second vertebra. The 
" superior articular " processes are oval, concave from before back- 
wards, and higher on their external brims, ho as to form two little 
cups for the support of the " condyles " of the occipital bone. They 
not only sustain the whole weight of the head, but are shaped to 
permit its " nodding " movement. Within the articular processes, 
we observe two tubercles, one on either side, which give attachment 
to the strong " transverse " ligament, which confines the odontoid 
process in its position. The " arch " formed by the laminse is wider 
than in other vertebra?, to make ample space for tlie spinal cord.' 
On the upper surface of each lamina is a groove (soraetimea a com- 
plete bony canal) for the vertebral artery. Lastly, the "notches " 
for the nerves are placed behind the articular processes, while in all 
the other vertebrre they are in front of them : and the reason of 
this is obvious, when we reflect that the articular processes of the 
atlas must necessarily be advanced in order to meet the condyles of 
the occipital bone, and to support as well as transmit the weight of 
the head in the line of the bodies of the succeeding vertebrae-. 

SEt-oKDCBKTi- The second cervical vertebra is called the "axis," 

v\t Vehteue*. because it forms the pivot upon which the head 
(with the atlas) tunis. The pivot, termed the " odontoid process," 
from its resemblance to a tooth, rises vertically from the "body" 
of the axis, and fits into a kind of socket formed in part by the 

* Hence Ibc poesibility of lateral diiplocemenl of the atlas wiihoat comprossian of 
the spinal cord. See a ido»1 remarkable cik of thi£ kind, nilh u drawing, in Med.- 
Chir. Tnna. »ol. xxxi^ by Mr. Pageu 
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atlas, and completed m the recent state by the transverse ligament. 
It is a mechaDism, as Paley observes, resembling a tenon and 
mortise. The odontoid process hoti a smooth surface in troDt, for 
the play of the atlas; another behind, for that of the ligament. 
Moreover, it is slightly constricted at its lower part (forming what 
is called " the neck "), that the ligament may clasp it more securely. 
Lastly, its summit or " head " is rough, and sloped laterally for 
the attachment of the "check" ligaments, which featen it to the 
occipital bone." Considering the importance of the odontoid pro- 
cess, we ore not surprised that nature has made its interior struc- 
ture much closer than that of the body of the axis. The upper 
" articular processes " are Bat, and nearly horizontal, in adaptation 
l^^^^to the rotatory movement of the atlas ; and, like those of the first 
^^^nniebra, liave a very strong base, becatise they, and not the " body," 
^^^^pqtport the weight of the head. The lower "articular proceasetj" 
^^^Hpe obhque, and placed considerably behind the upper, so as bi 
^^^^■Drrespond with the line of the articular processes of the succeeding 
^^^Vrertehrce. The " transverse processes " are, comparatively, small, 
f and not grooved or bifurcated ; but the hole at their base is inclined 

obliiiiiely outwards, to suit the curve of the vertebral artery. The 
" lamina) " of the arch are remarkably strong, and the " spinous 
process" stands well out, and bifurcates widely in order to give 
greater levert^^e to the inferior obhc^ue muscles which rotate the 
^^^_biead. The great size and projection of this epiiu/ua process is one 
^^^^Htf the distinguishing characters of the axis ; and with this we should 
^^^BSnuciate the large size of the tiunavffrse process of the atlas, these 
being the respective attachments of tlie inferior oblique muscles. 
Cbarnctcrs of The seventh cervical is called the " vertebra 
prominens," on account of its long spine. This 
is for the attachment of the elastic ligament (liga- 
mentum nucha;) which assists in keeping the head 
Its *' transverse process" is not always perforated, neither is 



^^Krect. 

^^^^^rancs slip out of 
1^^^^ chilli on het shoi 



NatvilliBEaTidiag ihe atr«Dgth of iu ligomcnti, the odontaiil proceas does lome- 
sUp out or its riag. The roUowing ia ui innance ; — A tod; wu caiij'mg her 
child on het shonldera. Lming iti balance, the chihl clung to iu mother'* head, ud 
drew it suddenly ud forciblj backnards. The lady fell dead. It ii mora liable to 
dislocMloQ in childten, because the ligameait are weaker than in (he adolL Pedi 
relates the case of a I'hild who was inatantaneODtdy killed by being lifted by the head. 
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it grooveJ; but its breadth and length suggest the idea of its beiug 
ft rudimentary rib," 

Ciiantcten of The " boiiy " of the first dorsal vertebra has an 
ibe Fiwre. Elb- articnlar surface for the head of the first rib, and a 
TwBLPTH Dor- smaller one for half of that of the second rib. The 
8AL Vertebb^ eleventh and twelfth dorsal have only single arti- 
cular surfaces for the last two ribs. Their " transverse processes" 
are much reduced in size, and do not articulate with ribs. The 
twelfth dorsal may lie told from the eleventh, by the fact, that its 
lower articular processes look outwards, like the corresponding pro- 
cesses in the lumbar vertebrie. 

Tubcrclu on We miiat here notice the small risings termed 
lombar Vstte- j|jg u anterior and posterior tubercles^f which are 
seen, in most skeletons, on the last dorsal and on 
the lumbar vertebne (Plate XLV. fig. 2). Tlie anterior tubercle 
projects from the superior articular processes. The posterior 
tubercle projects between the superior articular and the transverse 
processes. lu the human subject these " tubercles " serve only for 
the attachment of muscles ; but in some animals, as Professor Owen 
has pointeil out, they attain extraordinary size for particular pur- 
poses. For instance : in the armadillo, the anterior tiiliercle is as 
long as the spinous process itself, to help to support the armour. 
In the Quadrumana (monkey tribe), the posterior tubercles gtua a 
development in the dorsal and lumbar regions more conspicuous 
than the articular processes themselves, and contribute to the 
security of the spine. 

Vertebral caluma The spine is a most wonderful piece of mecban- 
u a whole. jgj^^ gj^j jjg^ excited the admiration of anatomists, 

from the various and apparently incompatible offices which it serves. 
It forms a column, at once strong and firm, to support the erect 
position of the Iwdy; flexible, to admit the bending of the trunk 
in various d^rees ; and elastic, to prevent concussion of the head. 
It forms a continuoiis caual at the back of the column for the pro- 



* Tbe Kvcnih cerric&l vcrKhrn bas aome(im«s two little ribs attached to It. onu on 
either side, in rann and aituslion rcKmbling the cerrtcal riha of antmals. 

f Tbi- poBtvrior tubereipB nre sltudcil to bj Monro, Analoiiiy of tha Human Bolii'ii, 
IT9S 1 also by Socmmeriti);. Du Corp. buman. Fahries, 8>a. 1794. 
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tection of the spinal cord, a basis for the origin of the muscles 
which spread over the trunk, and a lever for the muscles which 
keep the body erect. All these offices are performed by it with so 
much safety, that even the feats of a mountebank rarely injure the 
spine. 

The main strength of the spine depends upon this, — that it con- 
sists of a chain of bones so locked together, that the degree of 
motion between any two is limited, though that diffused through 
the whole is extensive. Another reason of the strength of the spine 
is its arrangement in alternate curves. Mathematicians have cal- 
culated that it is many times stronger, and more adapted to resist 
vertical pressure, than if it were straight, the force'being decom- 
posed by the curves.* Look at the enormous weight which a man 
can carry with ease and safety on his head. Moreover, the curves 
convert the spine into so many elastic springs, to prevent the jarring 
of the brain. Besides this, the curves are admirably disposed both 
for the lodgment of the internal organs, and the transmission of 
the weight of the head and trunk in the line of gravity. They are 
so regular and gentle .withal, that the spinal cord runs no risk of 
compression; and lastly, they give the body that graceful form 
which has been the " line of beauty " in every age. 

The curves of the spine are produced partly by the relative 
thickness of the bodies of the vertebrae in the different regions, but 
chiefly by the intervertebral fibro-cartilages and the tension and 
elasticity of the ligaments. 

From common observation, as well as from experiments, it 
appears that flexion and extension, as well as lateral movement of 
the spine, are freest in the neck, less free in the loins, and least 
in the back. Now the vertebrae are adapted accordingly. Thus, 
in the neck the articular processes are oblique, the spinous pro- 
cesses of the third, fourth, fifth, and sixth vertebrae are short and 
horizontal, and the intervertebral substances thick. In the back 
these substances are thin, the articular processes nearly perpen- 
dicular, and the spinous processes overlap each other, so that there 



* Rollin and Magcndie make it sixteen times stronger ; bat this mast surelj be a 
mistake. 
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cannot be much movement between the bonea. In the loina, ^ain, 
the thickness of the intervertebral Biibstances, the horizontal and 
wide-flpart spines, and the configuration of the articular processes, 
combine to allow more motion than in the back, but less than in 
the neck. 

The intervertebral eubatance between the bodies of the vertebrse, 
provides for the elasticity as well as the flexibility of the spine. 
The solidity of this substance gradually diminishes from the cir- 
cumference towards the centre, where it forms a soft and almost 
incompressible pulp, permitting, to a limited extent, the motions 
of a ball-aml-socket joint; namely, a gentle bend in every direction, 
with a small amount of rotation. Its great elasticity breaks the 
force of jars by gradually yielding, and always tends to restore the 
column to its erect fonn. Long-continued pressure during the day 
will, indeed, make the intervertebral substances yield, so that a 
man loses in height perhaps \ or even ^ an inch ; but this ia 
recovereil after a night's rest. At the same time it should he 
remembered, that a habit of leaning too much ou one side will 
make the yielding of the intervertebral substance pervunieni. 
Even the bones themselves, while they are growing, will yield 
under such drcumstances. Thus we may have distortion without 
actual disease. 

As to the form of the column, looking at it in front we observe 
that it ia pyramidal, and that the bodies of the vertebrse gradually 
increase in size from above, in order to form a broad base of 
support. The atlas, in cousequeoce of the great dimensions of its 
transverse processes, necessary for the rotation of the head, tops the - 
pillar like a " capital." It is, however, necessary f o remark, that 
there is a partial enlargement of the column about the lower part 
of the cervical region, to give a broader base to the neck ; and 
ftg^ a slight decrease in its breadth, about the third and fourth 
dorsal vertebrcB, to allow more room for the lungs. Moreover, we 
commonly observe a very gentle lateral curve in the dorsal region, 
particularly about the third, fourth, and fifth vertebnp, with the 
concavity towards the left; side. The reason of this curve has been 
much discussed. Some anatomists attribute it to the more frequent 
use of the right arm ; others to the presence of the aorta. The 
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solution of the question is of no practical value ; all we need 
remember is, that the curve is naturaL 

Looking at the back of the column, we observe the long row of 
spinous processes forming the vertical crest which gives the name 
to " the spine." On either side of it is a deep furrow, termed the 
"vertebral groove," which is occupied by the strong muscles of 
the back. The crest being all that we can either see or feel of the 
spine during life, is the part we immediately examine in cases of 
injury or disease. In making this examination, we ought to be 
aware that the spines of the several vertebras do not always succeed 
each other in a precisely straight line, but that one, here and 
there, may deviate to the right or the left, even in persons of the 
strongest frame. 

Eespectingthe vertebral canal (shown throughout in Plate II. a), 
it is only necessary to remark how well it is protected from injury 
by the breadth of the arches of the vertebrae. The arches overlap 
each other so that it would be difficult for a cutting instrument to 
penetrate anywhere, except perhaps in the limibar region and, 
again, between the arch of the atlas and the occiput, where animals 
are usually "pithed." The area of the canal is larger in the lower 
cervical and in the lumbar region than elsewhere, for two reasons : 
— first, because the spinal cord itself presents corresponding 
enlargements in these parts where the great nerves of the limbs 
proceed from it; secondly, because these regions being the most 
moveable, the cord runs less risk of comprejssion. Observe well 
the relative size and mode of formation of the intervertebral 
foramina. 

Ossification of As a rule, each vertebra is ossified from eight 
the vertebrae. centres, of which three are " principal," — namely, 

one for the body, and one on each side for the arch and its pro- 
cesses : the remaining five are " epiphyses," and appear, about the 
age of puberty, as follows : — one in the cartilaginous end of the 
spinous process, one in the cartilaginous end of each of the 
transverse processes, and one for each of the discs which form the 
articular sur&ces of the body. 

Ossification usually conmiences at the sides of the arch just 
before it does in the body of the vertebra, — viz. about the sixth 
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or eighth week ailer conception. The sides of the arch unite first 
at the base of the spinous process, so as to complete the ossification 
of the arch in the first year after birth. During the third year 
the bases of -the arch unite with the independently ossified "centre" 
or " body." 

Where vertebree undergo great modifications of form, we meet 
with exceptions to the above rule. Thus the atlas has only two 
"primary" centres, — one for each of its lateral halves; and two 
" epiphyses,''^-one for the anterior tubercle, the other for the 
posterior. The axis has two additional centres, placed side by side, 
for its odontoid process. 



BONES OF THB 8£DLL. 

We divide the bones of the skull into those which fonn the 
"cranium" or brain case, and those which form the skeleton of 
the face. We shall first describe each of these separately, and 
afterwards examine the skull as a whole. 



/ Occipital, 

[ Frontnl, 
I 3 rarieul, 
1 3 Temporal, 
r Sphenoid, 
VEUuaoid. 



'2 Superior Mdxillaiy, 
I 2 Malar. 

2 Palate, 
\ 3 Lachrymal, 
f S Inferior tnrbinalci, 

^Inferior Mucillarj. 



THE OCCIPITAL BONE. 



(Hate IIL) 



Banlar proocM. The occipital bone contributes to form part c 
the base of the skull, aa well as the back of the 
head. There is a targe oval hole in it, called the "foranieu 
magnum," for the passage of the spinal cord and its raembraneB, 
the two vertebral arteries, and the two spinal accessory nerves. 
The hole iu very much larger than the parts which pass through it . 
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'■•11 the intervening space is occupied by a watery fluid (cerebro- 
spinal fluid) which acts as a protector. The narrow part of the 
bone, in front of the hole, projects, not exactly horizontally, but 
with a considerable inclination upwards : it is called the " basilar 
process," because it is wedged into the base of the skulL It cor- 
responds with the top of the pharynx. This relation is of practical 
importance. It is well to know that the basilar process is within 
reach of the finger when introduced into the mouth, and that, 
consequently, we can explore it satisfactorily, so as to ascertain how 
far a polypus may be connected to it. The end of the basilar 
process is joined to the body of the sphenoid bone, in early life, 
by cartilage; but in the adult this cartilage becomes ossified. On 
its under surface (fig. 1) we notice a tubercle, eicactly in the middle 
line, for the attachment of the "superior constrictor" muscle of 
the pharynx ; and laterally, rough surfaces for the attachment of 
the " rectus capitis anticus major " and " minor." On the upper 
surface (fig. 2) of the basilar process there is a gently sloping 
groove (basilar groove), which supports the " medulla ohlougata.'' 
Understand that the medulla is not in actual contact with the bony 
groove ; a thin layer of fluid is interposed, which acts like a water 
bed, and protects this important part of the nervoua system from 
concussion. On each side of this groove there is another, but 
much smaller (petrosal) groove, for the lodgment of the inferior 
petrosal sinus' of the brain. 

Occipital part. The broad arched part behind the foramen 

magnum contributes to form the arch of the skuU- 

ip. On the convex or cutaneous surface, about the middle, we 
notice a rough prominence, called the " occipital protuberance," 
and from this we trace down to tlie foramen magnum what is 
termed the "crest" of the occiput, which gives attachment to the 
elastic ligament (ligamentum nuchic) at the hack of the neck. 
.From this middle protuberance and crest we trace outwards. 



term "liniu" is usod vety vagaclj' in analomT, II mcone, gBDcrall}', [be 
if nnytliing. Thus tbe air caviliei in tlie boties of llie head are termed 
," When used in ruferenco to the bmin, & "sintii" means a channel 
rurmcd hj the libroas membrane ^duru mater} of the brain, for the returu of iu 
vcnoQg blood. 
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towarda the borders of the bone, two lines on either aide, termed 
the "superior and inferior curved lines." Theae Hues, as well as 
the rough surfaces between them, are more or less evident in 
different instances, and are nothing more than faint traces indi- 
cating the attachments of muscles. The precise attachments of 
these muscles are mapped out on the right side of the drawing ; 
and in examining them, imdeistand, once and for all, that the blue 
outline denotes the insertion of a muscle; the red, the origin. 
The origin of a muacle is the term generally applied to ita most 
Jiaxd attachment ; the insertion of a muscle is the attachment 
where the greatest motion is produced. However, it should be 
understood that the hxed point of even the same muscle may vary 
under different circumstances. 

Thus, the bone near the superior ciured line gives origin to 
the " trapezius" and the " occipito-frontalis," and insertion to the 
"fitemo-cleido-mastoidcus" and splenius capitis. The surface 
between the two lines gives insertion to the complexus. Below 
the inferior line are the insertions of the " rectus capitis posticus 
major," the " rectus capitis posticus minor," and " obUquus 
guperior." 

Condflea and The articular processes of the occipital bone, 
oondjloid forn- cgjigj the " condyles," are placed one on either side 
of the foramen magnum. They are oblong and 
convex, with their anterior ends converging. Moreover, they slant 
60 that their inner margins are lower than their outer ; and thus 
they are admirably ailapted to fit into the " cups " of the atlas. 
Owing to this beautiful arrangement, and the strength of the liga- 
ments, dislocation of the head from the atlas is exceedingly rare. 
Further than this, by comparing the two bones, you will find that 
the condyles of the occiput are much longer than the cups which 
receive them, in order to permit the backward and forward motion 
of the head. On the inner side of each condyle there ia a rough 
surface or tubercle, for the attachment of the "check ligamenta, ' 
which prevent the head from turning beyond a certain distance. 
Outside each condyle is the " anterior condyloid foramen." The 
direction of this foramen is outwards and forwards, and it gives 
passage to the great motor nerve (hypoglossal) of the tongue. 
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Immediately above the "anterior condyloid foramen," or canal, 
aa it should be called, there is a beaping-iip of bone, which we 
term the " eminentia innominata." It looks like a strong bony 
bridge over the canal, and is obviously for the purpose of strength- 
ening the base of the skull just over the coudyle, after the manner 
of a flying arch. It is, in truth, the pedicle of the neural arch of 
the occipital vertebra, as one may easily demonstrate in the fcetal 
skull. Behind each coudyle there ia a deep depression or " fossa," 
at the bottom of which we find the "posterior condyloid fora- 
men."* The fossa in" question, by naaldng room for the cups of 
the atlas, enables us to move our beads further tiackwards than we 
otherwise could have done ; and the foramen at the bottom of it is 
the opening of a canal which runs horizontally forwards into the 
"groove for the lateral sinus " (fig. 2), and transmits a vein irora 
the outside to the inside of the skidl. 

Immediately external to the condyles, the bone forms on each 
side a projection, termed the "jugular eminence."!' On its under 
surface (fig. I) there is a roughness for the insertion of the " rectus 
capitis lateralis." On its upper or cerebral surface there ia a deep 
" groove for the lateral ainua," one of the large venous canals 
which return the blood from the brain. IVace this groove for- 
wards, and you will observe that it turns suddenly downwards, so 
as to form a kind of gulf (sometimea termed the "jugular fossa"), 
which lodges the commencement of the internal jugular vein. By 
looking at the base of the skull (Plate XVIL) you will further 



• In lomc Bkalls there are no •* posterior condyloFd foramina." In fifty ikulls 
nhich I have examined I flnd tbcm morD ^quoutl/ pnsKUt (ban absent. Either the 
eight or the left rurutaca may be abacnL 

t la Tcry Tew Bkalls, there projects Ironi the lower xirraca of the jngolar eminence 
a more or leas promiocot tubercle, the '■ parotcipitaJ tubercle." It ia a mdiment of a 
irauBverst proceia. It ia quite a deviation lh>m the human Ijpe. bat ii Tery can- 
■tonll/ developed in the mamouditui aeries. There ii a good specimen of the tubercle 
in question in the Bualerian Museum (No, S531),ia a skull from an aboHginBl of 
one of the Philippine Islands. The tubercle is even longer than the maaioid procees, 
and presenU an articular surface for joining its homotype. the diapojjhjBia of t{iB 
atloa. There is a similar tubercle in a akull in the Museum of Sl Barthulomev'a 
IIoapitoL There arc also two epeciuiens of it iu the Museum of Anatomy in Richmond 
Street, Dublin. 
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observe, that it contributes, with the petrous part of the temporal 
hone, to form the " foramen laceruin posteriiis." 
Cerebral «urf«ce. On the concave or cerebral surface (fig. 2) we 
observe two thick riiiges of bone, crossing each 
other, — the one vertical, the other horizontal : both are more or lees 
deeply grooved, for the sinuses of the brain. The groove of the 
vertical ridge contmns the "superior longitudinal sinus" above, and 
the *' occipital sinus " below the crosang. Near the foramen 
magnum, the groove for the occipital anus generally subdivides 
into two smaller ones, which gradually lose themselves around ita 
margin. The groove of the horizontal ridge contains the great 
"lateral sinus." By referring to Plate XVII. we may trace this 
great groove In its winding coiu'se along the occipital, part of the 
parietal and temporal bones, till it is lost at the " foramen lacerum 
posterius." It is seldom that the grooves for the lateral sinuses 
are equal in size on both sides of the skull : the diEFertmce 
depends upon the relative size of the branches of the superior lon- 
gitudinal sinus. Generally, the larger branch of this sinus is to 
the right ; hence the right lateral sinus is more frequently larger 
than the left ; and hence, too, the larger size of the right internal 
jugidar vein. Besides being grooved for the sinuses, it is necessary 
to know that the ridges give attachment to processes of the dura 
mater, for the support of the lobes of the brain. The horizontal 
ridge gives attachment to the " tentorium cereheUi," the longitu- 
dinal ridge to the " falx cerebri " above, and the " falx cerebelli " 
below the crossing. 

At the point where the ridges cross each other, there ia a heap- 
ing-up of bone, termed the "internal occipital protuberance." 
This is by far the strongest part of the bone, and is obviously so for 
the purpose of protecting the back of the cranium ; besides which, 
it may be mentioned that at this protuberance no less than six 
sinuses* of the brain meet. 

The interval between the ridges ia excavated, so as to make four 
" fosBse " for the lobes of the brain, — the two upper for the poste- 



c llie snpcrioT longitadlniLl, tiic two lateral, the t 
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nor lobes of the cerebrum, the two lower for the lateral lobes of 
the cerebellum. That this is so is plainly seen from the impres- 
sions made by the convolutions of the brain. By holding the bone 
up to the light, you will see how thin are the walls of the fossa 
for the cerebellum, this being sufficiently protected by the mass of 
muscles at the back of the neck. 

The occipital bone is connected to the two parietal bones by a 
remarkably serrated suture; also to the two temporal, and the 
sphenoid bones. The sutures are simply named after the bones 
which they connect: for instance, we speak of the "occipito- 
parietal" suture, the " petro-occipital," the " occipito-mastoid," 
and the " spheno-occipitaL" All these connections are well 
serrated, except that between the basilar process and the petrous 
bone. These are united by an intervening layer of cartilage, 
which rarely ossifies even in advanced age. The object of this 
cartilage is to break shocks transmitted from below, i.e. from the 
top of the spine. It is a kind of buffer at the base of the skull. 

The occipital bone is developed from four distinct centres, — one 
for the basilar part, one for the occipital, and one for each condy- 
loid part. They all meet to form the foramen magnum, and all 
are distinct at birth. These several elements are well seen in 
Plate LII. fig. 1. 



PARIETAL BONE. 
(Plate IV.) 

This broad and roof-like bone is so named from its forming so 
much of the wall of the skull-cap. With its fellow of the opposite 
side it makes a beautiful arch for the protection of the brain. 
It is convex on one surface, concave on the other, and is somewhat 
square. On the outer or convex surface (fig. 1) we notice the 
" parietal eminence." This is the centre from which the bone was 
developed, and is the thickest part, being the most exposed to 
injury. Below the eminence is a ciurved line, termed the " temporal 
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ridge," which gives attachment to part of the ''temporal aponeu- 
rosis." The surface below this line forme part of the " temporal 
fossa," which gives origin to the "temporal muscle." The four 
angles of the bone are called, respectively, the " anterior superior," 
the "anterior inferior," the " posterior superior," and "posterior 
inferior." 

Its cerebral surface (fig. 2) ia marked by the convolutions of the 
brain, but chiefly by grooves formed by the ramiflcations of the 
" middle meningeal artery." Observe that the trunk groove nms 
along the anterior inferior angle : hence the greater liability to 
effusion of blood in this situation ; hence also the risk of trephining 
here. Along the border where the two bones of opposite aides 
unite — that is, in the middle line of the skull — there is the half 
groove for the longitudinal dnus, the other half being completed 
by the opposite hone. Near this border there is the "parietal 
foramen"* (fig. 1), which transmits a vein from the outside of the 
head into the longitudinal sinus. In the skulls of aged persons 
there are irregular depressions formed by the " Pacchionian glands" 
near the longitudinal sinus. Lastly, at the posterior inferior angle 
there ia a trace of the " groove for the lateral sinus." 

The pariettd bone is connected by sutures with five bones 
(Plate XX. a), as follows ;— With the opposite parietal bone, by 
the interparietal or sagittal suture ; with the frontal bone, by the 
fronto-parietal or coronal suture ; with the sphenoid bone, by the 
spheno-parietal suture ; with the temporal bone, by the temporo- 
parietal or squamous suture; with the occipital bone, by the 
occipito-parietal or lambdoid suture. We must not fail to notice 
the beautiful arrangement of the sutures of the parietal bone : 
the sutiiral edges ore beveled on alternate sides, so that the hon ! 
cannot be driven in without previous fracture. 

It is developed from one centre, which makes its appearance at 
the parietal eminence. 



* Thi« holo sonetimot tnmimiM a stnnll branch or the Umporal Rrtei7 throngh the 
■kull-cnp to tbe dnrs mater. Tbcro nay be two roramina on one tide ; or there mijr 
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FRONTAL BONE. 
(Plate V.) 

The situation of the frontal bone is implied by its name. As it 
forms not only the forehead^ but also the roof of the orbits^ we 
naturally divide it hito a " frontal plate" and an ** orbital." 

Frontal plate. The '* frontal plate" is smooth and convex, and 

gives breadth and height to the forehead. We 
observe, first, the two *^ frontal eminences," one on each side, 
familiarly called the "bumps" of the forehead. They are the two 
centres from which the bone was originally formed, and their greater 
or less prominence indicates to a certain extent the amount of 
brain behind them. Not so the two projections lower down, termed 
the " superciliary ridges :" these have nothing to do with the brain, 
but are occasioned by air-cavities termed the "frontal cells" or 
"sinuses," situated between the two "tables" of the skulL And 
here it may be as well to mention, that the cap of the skull consists 
of two layers of compact bone, called, respectively, the outer and 
inner tables of the skull, and separated by an intermediate can- 
cellous tissue termed the "diploe." We shall allude to the 
advantage of this structure hereafter; meantime we will merely 
observe that the frontal cells are formed by the separation of these 
tables. To see the extent of the cells, one ought to make vertical 
sections as shown in Plate XV. 

Points of inter- Let US pause for a moment to consider one or 
est conMrnhig the two points of interest about the frontal sinuses. 

frontal winni MW- 

1. They communicate freely with each nostril 
through a canal termed the "infundibulum" (fig. 2) ; therefore it 
is possible for insects to reach them.* Blumenbach mentions the 
case of a lady who had a kind of wood-louse (Scolopendra 
electrica) for a whole year in one of her frontal cells. It gave her 

* Histoire de rAcad^mie des Sciences, 1708, 1733. 
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iDtetLBe pain, and was expelled at last, alive, duriag a fit of saeezing. 
It is by no raeaua uncommon to find the larva of insects in the 
frontal cells of animals. Sir C. Bell stales that a man, having 
slept in barns, was afflicted with pains in the forehead, which were 
relieved after he had discharged irom his nose a worm belonging 
to that class which spoils the com. 2. As they are lined by a 
continuation of the same mucous membrane which lines all the 
other passages of the nose, we have a rea>ly explanation of the 
aching pain in the forehead in cases of influenza, or a common 
head cold. 3, In cases of fracture of the base of the skull 
involving the walls of the cells, it is possible for fragments of the 
brain to escape from the nose. The author has seen a case of this 
kind where the patient recovered without any permanent ill effects 
except partial loss of smell. 4. If the outer wall of the cells be 
injured by violence or disease, the air, in sneezing or coughing, is 
liable to escape under the skin of the forehead, and give rise to 
" emphysema."* 5. We ought never to apply a trephine over 
them. 6. Their use ia, not only to lighten the skull, but to help 
the resonance of the voice. They are not developed till the age 
of puberty, and progressively increase in size afterwards. In some 
tribes — for instance, in Australians — according to Professor Owen, 
they are never fully developed ; and hence arises a certain want of 
resonance for which their voice is remarkable-t Lastly, even in 
Europeans, as common ol)servation proves, their size and extent 
vary exceedingly. A good idea may be formed of their size in 
some persons, by the fact that they may lodge a musket Itall. Mr. 
Guthrie states that a soldier was wounded at the battle of Talavera, 
by a ball which stnick him on the forehead and lodged in the 
frontal sinus. It was readily removed by enlarging the opening, 
and the man recovered. The author has seen a case precisely 
tdmilar, in a soldier who was wounded in the Crimea. The sinuses 
are commonly separateii by a bony partition, often incomplete. 



• IIjTtl (Tofiog. Anatomie) mentions tlio case of a hoj wLo was kickid by a horse 
nn Ibc fcirebeBil. so Ihat Ihe frontivl cells were exposed. Tborc resulted a fisiuluua 
openitiji;, through which, when the nose was held, he could blow out a candid. 

t On thiB subject see on c:cccllci]t work by Amman, De Loqiicla, written in 
1700. 
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may extend even more tian half way up the forehead*, 
id backwards for an inch or more along the orbital plate of the 
Sometimes one siniia is larger than the other, and conse- 
lentiy the bump on one aide of the forehead may naturally be 
more prominent than that on the other, which is worth knowing. 
The obvious conclusion from all this is, that the " bumps" on the 
forehead mapped out in this situation by phrenologists, under the 
heads of " Locality," " Form," " Time," " Size," &c., do not neces- 
sarily coincide with any convolutions of the brain. 

The margin of the orbit, termed the " aupra-orbital arch," is 
imposed of thick and strong bone, — as is, indeed, the entire cir- 
iference of the orbit. But the " internal and external angular 
in other and better words, the piers of the arch — are 
remarkably strong, because they form buttresses for its support. 
Near the inner third of the arch we remark the "supra-orbital 
foramen," or it may be*a "notch" for the transmission of the 
intal nerve and artery. It is this nerve which is affected in 
"brow ague." At the external angular process we notice the 
starting-point of the " temporal ridge," to which the temporal 
loneurosis is attached (Plate XIV, fig. 2); and just below this is 
little surface of bone which contributes to form the " temporal 
[loBBa" for the origin of the temporal muscle. 
CerobrBlsnrfnce. On its cerebral surface (Plate V. fig. 2) we ob- 
serve that the "frontal plate" is concave, and 
iJuapped out by the convolutions of the brain and arterialt grooves. 
In the middle line is the groove for the commencement of the 
longitudinal sinus. Tracing the groove downwards, we observe that 
its margins gradually approximate, and lead to a small hole, the 
"foramen ciecum."t Though called "blind," it generally transmits 



of tbese >ir-cavitici which makes the higb forctiMd of the 
dephont, tbo owt, &c. The head of the old elephant in the Hiinterian MuKum wu 
riddled irilh balls beroro thej- coald hit the bratD. The proper pluce lo aim at in 
this animal is in the hollow juet abore the root of the aoee ; here the case of the 
brain is not mnch thicker than a ihilllng. 

j- The anterior meningeal artcrr, irhich is a branch of the ophthalmic, and ramifi- 
calions from the middle meningeal arlcrj. on cither side. 

t The roramea ctecnni Himctimes Ifoda into the frontal sinna, sometimes directly 
into the noie ; or it ma/ open on the posterior oi uitvrior mrface of the nasal bonct. 
X have seen it transmit a small artcxy. 
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& small vein from the frontal cells into the longitudinal sinus ; and 
this is one of the anatomical reasonfl assigned why bleeding from 
the nose relieves congestion of the brain, and why the old practi- 
tioners were in the habit of leeching the nose. 

Very often the margins of the groove for the longitudinal eimis 
coalesce, so as to form a small ridge, before they reach the foramen 
ctccum. In any case, they give attachment to a perpendicular fold 
of the dura mater (termed from its shape the "fals cerebri"), 
which separates the hemispheres of the brain. In the feline race of 
animals, e. if. tigers and cats, this partition is bony instead of mem- 
branous. Therefore when we happen to see a frontal bone with a 
well-marked ridge along the beginning of the longitudinal groove, 
it is but the extra-ossification of part of a membrane which in some 
animals is entirely ossified. 

Orbital plMPB. The "orbital plates" (Plate V. fig. 2) extend 

nearly horizontally backwards, and form at once a 
concave roof for the orbit, ami a part of the floor of the cranium. 
Hold them up to the light, and you will observe how thin they are. 
In cases of extreme old age, when the diploe of the skull becomes 
absorbed, it often happens that the orbital plates have large holes 
in them. At any time of life their thinness renders them liable to 
be perforated by sharp instruments thrust into the orbit ; and 
wounds of the brain from such accidents are sometimes met with. 
Sir C, Bell speaks of a young man having been killed by the thrust 
of a foil which had lost its guard, and which passed through the orbitnl 
plate into the brain. Their " cerebral surface" is slightly convex, 
and generally ridged and furrowed by tbe impressions of the brain.* 
Their lower surface is concave, more especially near tbe external 
angular process, where there is a deep depression ("lachrymal 
fossa") for tbe lodgment of the lachrymal gland. Again, near the 

• Tha orbital plates of tha fronl«l bono nre more or lew arched in difTerent skulls. 
Of course the more ihej are arcliod the mom they encroai'h on the cranial space, nnd 
therefore the less room Ihcro is for tlio anterior lobes of the brain. Comimrn the 
gknll of a monke; with that of man, and jau will obserre a mukcd [lifferencc. 

Pbrcnotogisis plac« the organ of language in that pan of the brain which rcitE on 
the orbital plates, and saj that the gift of language is dcnolect by proininent eyes, 
the pTOTninence of the vya being occasioned, tbey sn;, bj the depression of tbe orbital 
plate in canscqaencc of the great dcvelopmfiit of the organ of language. 
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internal angular process there is the trace of a slight depression^ 
indicating the attachment of the cartilaginous pulley of the " supe- 
rior oblique " muscle of the eye. 

The orbital plates are separated by a wide gap^ called the 
" ethmoidal notch," because it receives the cribriform plate of the 
ethmoid bone, which here fits into the base of the skull (Plate 
XVII.). On each side of the broken margins of the notch, we 
observe incomplete cells with thin walls. These cells correspond 
with, and are closed by, the ethmoidal cells (Plate IX. fig. 2). 
However^ the largest cell of all is in the front ; and this, as seen in 
Plate V. fig. 2, leads into the frontal sinus. All of them are filled 
with air, and lined by the mucous membrane of the nose. At the 
front part of the notch, we observe the ** nasal spine " of the frontal 
bone. This perpendicular projection — which, by the way, is gene- 
rally broken off in taking the skull to pieces — serves to support the 
proper nasal bones (Plate XV. fig. 1), and also helps to form the 
septum of the nose, by uniting with the perpendicular plate of the 
ethmoid bone. On either side of it is a little groove which forms 
part of the roof of the nose (Plate V. fig. 1). Immediately in 
front of the nasal spine is the jagged surface which receives the 
nasal bones, and the nasal process of the superior maxillary bone 
(Plate Xin. fig. 2). Lastly, along the broken margin of the 
ethmoidal notch, we notice two canals which, with the ethmoid 
bone, form the *^ anterior and posterior orbital foramina " * for the 
passage of nerves and arteries from the orbit into the nose. 

The frontal is connected to the two parietal bones by the fronto- 
parietal or coronal suture (Plate XX. a, fig. 2). Concerning this 
suture, we must not omit to observe how admirably it locks the 
bones together, and provides for the security of the arch of the 
skull. The margin of the frontal bone is beveled at the expense of 
its inner table above, but of its outer table below; and the parietal 
bone is adapted accordingly. Its external angular process is con- 
nected to the malar bone ; its internal angular process, to the nasal 
bone and nasal process of the superior maxillary. Its orbital plate 



* The anterior transmits the ** nasal " branch of the ophthalmic nerre and arteiy ; 
the posterior, the ethmoidal artery and vein. 
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is connected to the sphenoid, ethmoid, and lachrjmial bones. In 
all, then, there are twelve ; of which two — -namely, the sphenoid and 
ethmoid^are single bones. 

ThefrontaJ bone is developed from two centres, one on each side, 
in the situation of the frontal eminence. These lateral halves unite 
and form a vertical suture down the middle of the forehead, termed 
the " frontal " suture ; bo that in children the two halves of the bone 
are easily separated. In manhood the traces of this suture most 
frequently disappear.' 

The frontal bone gives attachment to three muscles ; namely, to 
part of the " temporal," part of the " orbicularis oculi," and the 
" corrugator eupercilii." 



TEMPORAL BONK. 

(riMo VI.) 



This bone occupies the temples. It is a complicated bone, even 
on the outaide ; much more so in its interior, because it contains 
the organ of hearing. At present we will confine ourselves to the 
description of all that can be seen on its outer surface ; and to 
facilitate this, we divide it into three parts, ^a aguanunia portion, 
situated in the temple ; a mastoid, forming the little projection 
behind the ear ; and a petrous, which contains the organ of 
hearing, and projects like a wedge into the base of the skull. 
This division is natural as well as convenient, since each of these 
parts is developed from s separate centre of ossification, and re- 
mains for some time distinct in childhood. Add to which, they 
represent permanently distinct bones in some of the lower animals. 

SgDAUoDi por- The squamous portion, named from its scale-like 
'""'■ appearance, forms part of the wall of the temple. 



• Dr. Lcnch ond oAcre, who have ciamined Ihe immenac coUecti 
Calucomhs at Paris, hare remarked that the liiimWr of adalt aknlls 
fronul Huturc reuaincd unobliKnitcd was about one in eleven. 
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lb is very thin : hence the danger of a blow here. Its outer surfaco 
is smooth, and entirely covered by the temporal muscle, to which 
it gives origin. Ita inner Hurface is marked by the convolutions of 
the brain, and likewise by a narrow groove which sweeps, ia a 
curved direction, from before backwards, and indicates the course 
of the middle meningeal artery (Plate VI, fig. 2). 

At the lower part of the squamous portion there is an outgrowth 
of bone, termed the "zygoma" {^ir/oi/ta, a bolt or bar). It pro- 
jects horizontally forwards, and is connected by a strongly serrateil 
suture with a sinular projection from the malar bone ; so that the 
two together form an arch (" zygomatic arch "), beneath which 
the temporal muscle plays (Plate Xr\'. fig. 2). The base of the 
zygoma ia very broad, and appears to spring from two roots, —an 
anterior and a posterior ; in the space between them is the " glenoid 
cavity," which forms the socket for the lower jaw. The poatericn- 
root (or supra-mastoid ridge) runs backwards in the same line with 
the zygoma, and forms the upper boundary of the glenoid cavity : 
after that, we trace it over the meatus auditorius extemus, and 
then it gradually fades away, marking the line of separation 
between the scjuamous and the mastoid divisions of the bone. In 
the negro race, this supra-mastoid ridge is strongly marked, and is 
characteristic of a degraded type of skull. The anterior root is 
the main root of the two : it is very broad and strong, and nms 
transversely inwards to form the front boundary of the glenoid 
cavity. It is called the " eminentia articularis." This is crusted 
with cartilage in the recent state, in order to forra additional 
surface for the play of the jaw. Under ordinary circumstances, 
the "condyles," or hinges of the jaw, are in the socket of the 
glenoid cavity; but wheu the mouth is open wide, the condyles 
slide forwards out of the socket, and come to play on the articular 
eminences. In immoderate fits of laughter or of yawning, when 
the mouth is opened wide, the condyles may be suddenly dragged 
by the muscles even in front of the articular eminences ; and then 
we have a dislocation of the jaw into the zygomatic fossa. Under 
such circumstances a person presents a very ridiculous appearance, 
since the mouth remains wide open until the dislocation is reduced. 
At the base of the zygoma we notice a little tubercle ("tubercle of 
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the zygoma"), which serves for the attachment of the exteni 
lateral ligament of the lower jaw. Loiitly, the \ipper edge of t 
zygoma gives attachment to the temporal aponeuiosis ; the low 
edge gives origin to the maaseter miiBcle. 

The "glenoid cavity" {^\^vt}, a socket), or socket for the 1 
jaw, is oval, concave from liefore backwards, with the long diamet 
transverse, or nearly so. At the bottom of it we notice a iiBaur^V 
termed the "fisaura Glaseri," or "glenoid fissure," which i 
remains of the original separation between the sqnamous i 
petrous portions of the bone. The part in front of tlie fisgure | 
the proper socket for the jaw : the part behind it has nothing t 
lio with the jaw, but contains a lobe of the parotid or salivi 
gland. If you pass a bristle up the fissure, you will find thi 
it leads to the tympanum of the ear.* Between the glenotl 
cavity and the meatus auditorius, there is a slight process wlii< 
affords support to the lower jaw, and guards against dislocati<^ 
backwards. This "post glenoid process" is generally well n 
in African skulls, and always so in the Chimpanzee, the anim 
whicii makes the nearest approach to man. 
M^stoiu portlgo. The "mastoid portion" is so called because i 

forms the piece of bone behind the ear ten 
the mastoid " process" {/jmotos, a nipple). One of the purposes 6 
this process is to give iusertioii and greater leverage to some of tl 
musclesf which move the head round. These, as seen in Plate Ai 
fig. 1, are likewise inserted into the rough surface above and behin( 
the maatoid process. If a section be made through the proc 
itself, we shall find that it is not a solid lump of bone, but hollowi 
in the interior by a number of large and freely conimunicatii 
cells, termed, "mastoid cells," which open into the back part t 
the tympanum. These cells, like the tympanum itself, conta 
waiTQ air, whidi is admitted from the hinder part of the nof 



• The glenoid llaaure contiuna the " proceKna gracilis" of ihe "mallend," I 
"laxalor tymptmi" ihumIo, and is nsaally said to [ranpinil the " corda tympani^ 
nerve : but this ncrre, gtricll; spcakiD:g, runs [brough a liulc canal of ita on 
b/ Ihc luBurc. 

t The " EMrno-cleido-mastoideap," under (hat the " epleniiu capitis," and ili 
tho " tmchelo-mtstoideua." Beneath all these muscleB (he occipitnl arUQ' nil 
back of the bead, oloag a slight groove in the bone. 
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ugb " the EustAcIiian tube." They not only make the bone 

;hter, but are also useful to the sense of hearing, by allowiug 

tre space for the vibration of tie air. Like the frontal cells, 

id indeed all the air-cells in the bones of the fikull, they are not 

eloped till towards the age of puberty. In cases of deafness 

ising from obliteration of the Eustachian tube, it was formerly 

the practice to make an opening into the mastoid cells, in order to 

admit free access of air into the tympanum. The success attending 

this proceeding induced Just Belter, physidan to the King of 

Denmark, to have the operation done upon himself; but he died 

twelve days afiterwards &om extension of inflammation to the 

membranes of the brain; and the death of this illustrious man 

brought the operation into disrepute. Just internal to the mastoid 

process there is a deep fossa, termed the " digastric fossa," because 

the " digastric" muscle arises there. Behind the process there ia 

a hole, called the " mastoid foramen," through which a vein niiis 

from the outside of the heail directly into the lateral sinus. This 

gives us a ready explanation why leeches, applied liehind the ears, 

ieve congestion of the brain. Lastly, on the cerebral aspect of 

mastoid portion, all we have to notice is the "groove for tJie 

Iftteral sinus." 

The "petrous portion" derives its name from 
the hardness of its constituent bone {Trirpos, a rock ). 
It projects horizontally into the base of the sknll (Plate XVIL), so 
as to carry far out of harm's way the delicate organ which it con- 
tains. Its shape is somewhat that of a triangular pyramid with the 
apex inwards ; so that, for descriptive purposes, it may conveniently 
be divided into three surfaces, — an anterior, a posterior, and an 
inferior: then there is a base and an apex. Our best plan is t^ 
learn each of these parts separately, so that we may he able to 
answer the question, what is seen on the anterior, what on the 
posterior surface, and so forth. Take the base first. 

At the base of the petrous portion is the orifice of the passage to 
the ear, termed the " meatus auditorius extemus." It is situated 
immediately behind the glenoid cavity, and its boimdaries are 
chiefly formed by a curved plate of bone, termed the "processus 
auditorius," Observe, first, that the edge of it is very jagged, for 



IS portion. ' 




68 



TEMTOnAL BONE. 



the attachment of the cartilage of the ear ; and then look carefully 
down the passage, in order to see that the plate we are speatdng of 
forms by far the greater part of its boundary wall ; in short, all 
round, except at the uppermost part. This inspection will probably 
suggest that the whole plate is something superadded to the rest 
of the bone,— a sort of after-growth ; which is precisely the ca«e. In 
the ftetus there is no meatus, but simply a ring of Ixine", forming 
three-fourtha of a circle, the deiiciency being at the upper part. 
This ring ia ossified independently, quite distinct from the other 
parte, and is specially intended for the attachment of the drum of 
the ear (membrana tympani); so that at this early period it might 
be rudely compared to a hoop with a membrane stretched across it 
(Plate XX. a, fig. 5). In process of time, however, the hoop begina 
to grow out on its external side, and thus transforms itself into the 
canal or meatus, which, as it becomes longer, gradually coalesces 
with the other constituents of the bone. Respecting the shape of 
the passage, we should observe that it is oval, nith the long dia- 
meter nearly vertical ; therefore all specula for examining the enj- 
ought to be of the same shape. The narrowest part of the passage, 
in the recent state, is about the middle ; hence if a foreign body, 
such as a pea, happen to get into the ear, it is generally pushed 
through the narrow part by clumsy efforts to extract it, and then 
the moisture of the ear causes it to swell, and makes its extraction 
most difficult and painful, Mr. Wildef mentions the case of a boy, 
eight years of age, into whose ear one of his schoolfellows thrust a 
grain of Indian com. The schoolmaster, in his wisdom, endea- 
voured to remove it by attaching a piece of wax to the end of a 
stick, and thrusting it into the passive. Four days afterwards, the 
boy was brought, with his ear in a state of acute inflammation, to 
Mr. Wilde, who eventually succeeded in extracting the grain by 
means of a " curette," with the point bent to a right angle. The 
grain of corn bad increased to one third more than its natural size. 
The anterior surface (Plate VIT. fig. 2) of the petrous portion 
forms part of the fossa for the lotlgraent of the middle lobe of the 



• In miinj animals this i 
the "tympanic bone" 
f Aural Surgery, poge i: 
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sjid IB more or leas marked bj ibi coQvolutions. About the 
[die of it there ia a little emiiience, indicating the position of 
superior Bemicircular cajial " (a part of the int«nial ear). 
ire forwards, there is a small furrow leading to an opening 
;rmed the " hiatus Fallopii," which transmits the Vidian nerve. 
Immediately to the outer aide of this is a smaller furrow and 
opening, for the passage of the " lesser petrosal nerve." Near the 
apex is a depreasioii for the " Gasserian ganglion." I^astly, just 
at the angle where the squamous and petrous portions meet 
(Plate \TI. fig. 1), you will observe two tubes running backwards 
lei to each other, like a double-barrel gun (Plate VII. fig. 1); 
ley both lead to the tympanum. The upper of the two is the 
lal for the " tensor tympani " muscle ; the lower, which is by far 
larger, is the Eustachian tube, or passage which condiicta the 
from the pharynx to the tympanum. The thin partition sepa- 
bting the two barrels is called the " processus cochleariformis." 
The posterior surface of the petrous portion forms part of the 
xior fossa of the base of the skull {Plate X'VTI.). The most 
prominent object upon it is the "meatus auditorius intemus" 
(Plate VI. fig. 2), a large canal which runs nearly horizontally 
outwards, and transmits the " seveath pair " of nerves ; that is, the 
proper auditory nerve (portio mollis), and the motor nerve of the 
face (portio dura). The meatus is much larger than the nerves 
which it transmits, and the space between them and the bony canal 
filled by a watery fluid (cerebro-apinal fluid), which supports the 
;t vital parts of the base of the brain. In fractures through 
base of the skull involving the meatus, this fluid sometimes 
;es out through the external ear; this, therefore, is regarded as 
very dangerous symptom in cases of injuries to the head. Look- 
ig to the very bottom of the meatus, we find that it is divided by 
Braall ridge of bone into two unequal parts. In the upper and 
'-Btaaller of the two, there is the commencement of a special canal 
(atjuffiductuB Fallopii) for the motor nerve of the face ; in the lower 
there are several minute apertures arranged in a spiral form, 
through which the fibres of the auditory nerve reach the internal 
ear. Behind the meatus is a slit-like opening tenned the "aqutv- 
ductus veatiindi." This, though apparently of considerable size. 



70 TEMTORAL HOSE. 

6oon contracts so much that it -will barely admit a small bristle It 
leads to the vestibule of the internal ear. Immediately below the 
meatus there is a conical pit, which is tolerably wide at firBt, but 
soon contracts to a minute canal, leading to the cochlea, termed 
the " aqucBductus cochlea!.'' The particular use of these minute 
"aqueducts" leading to the internal ear ia not known: but it is 
certain they sometimes transmit small blood-vessels. 

The i-nfcrwr surface of the petrous portion presents a broken 
and irregular aspect, and has many holes in it (Plate VII, fig. 1). 
Beginning near the base, we observe, first, the " styloid process."^ 
This is a long process which descends with a slight inclination for- 
wards, gradually tapering to a sharp point, It« length varies in 
different skulls; generally it i« about one inch long. In old skulk 
it is aometimea longer : there is a ekidl in the Museum of St. Bar- 
tholomew's Hospital which has a styloid process three inches long. 
Its use is to give origin to three muscles and two ligaments. The 
muscles are for the movement of the tongue and pharyns; they 
arise as follows: — the " stylo-pharyngeus," from the base; the 
" Btylo-hyoideus," from the middle ; and the " stylo-glossus," from 
near the tip of the process (Plate VI. fig. 1). To the tip itself is 
attached the *' stylo-hyoid ligament," which runs downwards and 
forwards to the os-hyoides. In cases where the styloid process is 
unusually long, it is nothing more than ossification of this ligament. 
The other ligament attached to the process is the " stylo-maxillary," 
which separates the submaxillary from the parotid gland. Lastly, 
the fore part of the root of the styloid process is surrounded by a 
kind of bony sheath, termed the " vaginal process," about which 
there is nothing to be remarked except that it is a continuation of 
the plate of bone which forms the hinder part of the glenoid 
cavity. 

Between the mastoid and styloid processes there is a hole termed 
the " atylo-masttiid foramen " (Plate VII. fig. 1). It gives exit to 
the facial nerve (portio dura), which entered the lione at the bottom 
of the meatus auditorius internus, and lets a small artery run in to 

• So callod from iw rescmbliin™ W an ancienl " stjlc," or pen. It is, originnlly, 
iltsliuct from the rest of the bont, but graduully conlcscea with it aLoul ilic agt of 
Ihrci: jCMK In uiimnia il rcmnioa a pcrmoncnllf diatinct bone. 
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supply the tympanum. Now if you introduce a stiflF bristle into 
the hole, you will probably succeed in pa&sing it through the bony 
canal traversed by the nerve from its entrance to its exit The 
canal is a complete tube of bone, and is called the ^^ aqusc<luctus 
Fallopii* after the anatomist who first described it. The pas- 
sage of this nerve through the temporal bone renders it liable to 

be injured in fractures of the base of the skull, or in disease of the 

« 

ear; and this explains why we sometimes have paralysis of one 
side of the face imder these circumstances. 

On the inner side of the stylo-mastoid foramen we find a deep 
depression termed the "jugular fossa." This, with a correspond- 
ing part of the occipital bone, forms the " foramen lacenim poste- 
rius " (Plate XVIII.). Here the lateral sinus pours its blood into 
the commencement of the internal jugular vein, which forms a 
great bulge to fill the fossa. Here also the eighth pair of nerves 
leaves the skull. On the outer wall of the jugular fossa, near the 
root of the styloid process, we may find the minute foramen for 
" Arnold's nerve." In front of the jugular fossa there is the large 
circular commencement of the canal in the petrous bone, through 
which the carotid artery enters the skull (" carotid canal "). Ob- 
serve that the canal mounts nearly perpendicularly for a short 
distance, and then, turning horizontally forwards and upwards, 
emerges at the apex of the bone. On the plate of bone wliicli 
separates the jugular fossa from the carotid canal, there is a minute 
foramen for " Jacobson's nerve." f Near the apex there is a rough 
surface which gives origin to the " tensor tympani " and " levator 
palati" muscles. The apex itself presents nothing more than 
the termination of the carotid canal, and helps to form one of the 
boundaries of the ragged hole at the base of the skull, termed the 
" foramen lacerum medium " (Plate XVIII.). 

Along the upper angle of the petrous portion we remark the 
groove for the "superior petrosal sinus," .which discharges itself 
into the lateral sinus. The neighbourhood of these venous chan- 
nels to the cavity of the tympanum explains why bleeding from 

* Fallopius was a distingaishcd Italian anatomist, b. 1523, d. 1563. 
f Amold*8 nerve is a branch of the pncumo-gastric ; Jacobson's ner%'c a branch of 
the glosso-pliaiyngcal. 
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the ear is sometimes met with in fractures rumiing throogli the 
petrous portion uf the temporal boae. 

Connections of the The squamous portion of the temporal bone is 
temporal bono. connected to the parietal bone and the great wing 

of the Hphenoid bone by the " temporo-parietal and t«mporo- 
sphenoid sutures," concerning which the following mechanism must 
be remembered; namely, that the squamous part overlaps the 
parietal above, but is itself overlapped by the sphenoid below,- — an 
arrangement which greatly contributes to the security of the arch 
of the skull. The mastoid part is connected above to the inferior 
angle of the parietal by the " masto-parietal " suture, and behind 
to the occipital by the " ma«to-occipital " suture. The petrous part 
is wedged into the base of the sknll between the sphenoid and 
occipital bones (Plate XVII. or XVIIL). The zygomatic pro- 
cess is connected to the malar bone by a strong suture. 

Development of The temporal bone is developed from five cen- 
ibe temporal bone. ^^^^ ^f ossification; namely, one for each of the 
following parts: — the squamous, the mastoid, the petrous, the 
tympanic, or processus anditorius, and the styloid process. These 
remfdn permanently distinct bones in the lower animals ; and it is 
worthy of remark, that even in the human subject traces of the 
union of all are vitdble even in advanced age. The most curious 
development is that of the tympanic part; which, from being 
nearly (i simple ring of bone iu the fo?tua, channelled inside for the 
attachment of the membrana tympani, eventually grows out so as 
to form the meatus auditorius. In the fcetus, the mastoid part is 
very small, and gradually enlarges towards puberty by the forma- 
tion of the mastoid cells. The styloid part is for a long time 
cartila^uoua after birth, and ossifies slowly with age. 
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SPHENOID BONE. 
(HaM TUL IX.) 



The sphenoid bone is so called because it is wedged in at the 
base of the ekull between all the other boaes of the cranium 
(o-^c, a wedge, ^£or, form). As it not only enters into the for- 
mation of the base of the skull, the orbits, the teijiplea, and the 
nasal passages, but la also connected with all the bones of the 
craniiuD, and many of those of the face, one cannot be surprised 
that it is a diEBcult bone to understand. Fortunately, it bears a 
remarkable resemblance to a bat with extended wings, so that we 
can shape our description of it accordingly. It presents, then — 
1, a body, or central part; 2, the two greater wings; 3, the two 
r wings ; 4, the pterygoid processes, which make the two legs 
r the bat. 
BoDT. Commencing with the body, we must describe 

four surfaces on it, — a "superior," an "inferior," 
"anterior," and a "posterior." 
The superior surface of the body (Plate VTII. fig. 1) comprises 
what is seen of the body on the inside of the luise of the skull. 
FThere is a deep depression in it, termed the " pituitary fossa," for 
the lodgment of a gland belonging to the brain (the "pituitary" 
gland*). Another very common name given to it is the "sella 
turcica," from its resemblance to a Turkish saddle. In front 
t of it there is an eminence like the pommel of the saddle, termed 
the "olivary process," from its olive-like shape. There is nothing 
' remarkable in this process except that it supports the commissure 
of the optic nerves, which make a slight transverse groove (the 
"optic groove") upon it, leading on each side to the "optic 

• This nama was eiien to it by Galen, who Ihonght lh« it secreted the " pitnita," 
or mncus, bdiI that (hia passed down into ihe tbroat Ihrongh the Email foraniina 
, -which are often foand at the bottom of the Tossa (De usu paiijuui, lib. ix. cap. I). 



foramen," through which they euter the orbit. In front of the 
olivary process there is a smooth and slightly excavated surface, 
which supports the olfactory nerves, and terminates in the middle 
line in the "ethmoidal qjine," which articulates with the ethmoid 
l>one. 

Each side of the "body" ia more or less distinctly marked by a 
broad groove which winds upwards in a gentle curve, and lodges the 
internal carotid artery after it has entered the skull," The pituitary 
fossa is bounded behind by a equare plate of bone, which, as it 
represents the back of the saddle, is termed the " dorsum ephippii" 
The comers of this plate project so as to form what are called the 
" posterior clinoid processes,"— thus named from their resemblanoo 
to bed-posts. These are directly opposite to the " anterior clinoid 
processes," of which we shall speak presently. The posterior 
surface of the plate slopes very obliquely backwards, is continuous 
with the basilar groove of the occipital bone, and forms an inclined 
plane for the support of the " pons Varolii." Lastly, the sides of 
the plate are generally notched for the passage of the sixtii piur of 
nerves. 

The posteriitr surface of the body is immovably connected with 
the basilar process of the occipital bone, in young subjects by carti- 
lage, but in adults by bone, so that it is impossible to separate them 
without the saw. The section shows well the structure of this part 
of the base of the skull ; namely, two plates of compact bone 
separated by about -jL of an inch of canpelloiis tissue or " diploe." 
Thus the bone is rendered ligbter, and shocks transmitted to the 
base of the skull are broken (Plate II. a). 

The anterior surface of the body is adapted to fit the posterior 
part of the ethmoid bone. It presents in the middle line a 
perpendicular plate of bone termed the "rostrum." This forms 
part of the bony septum of the nose, and is, accordingly, con- 
nected in front with the perpendicular plate of the ethmoid bone, 



• Generally, a little lubcrcla, colltd the " middle clinoid proccfla," rise* from the 
side of the groove to keep tlio artciy in its place la aomo sknlle ibis tnlierde it 
lopg enough l« unite with the npcx of the anlerior clinoid proccsa, so thut the artery, 
in emerging from the grooTe, paatoi ibrDugh a ring of bone. The two " clinoid pro- 
ceiMt" on each ^c give attachment to the "leDlorinin cercbdlL" 
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1 below irith the vomer; as may be seen by reference to Plate 
. 1. The surface of bone on each (dde of the rostrum is 
completed by two plates of bone, oDe on each side, termed the 
" cornua sphenoidalia." Although apparently integral purts of 
the sphenoid, yet these little bones are formed each from a spe- 
cial centre of ossification, are distinct in early life, and remain 
separable till adult age. The annexed woodcut (fig. 8) shows 
the " cornua sphenoidalia" removed in a per- ^ta. 8. 

feet state. Tlie rostrum of the sphenoid would 
fit into the gap between them. We observe 
that each comu is triangular with the apes 
downwards. Each completely walls in the 
sphenoidal cell of its own side, except at the 
upper part, where there is a round opening in 
the base of the comu for the ailmission of air """* '^ ^'' 
from the upper meatus of the nose. Fig. 9 represents one of 
the cornua seen from the surface towards the sphe- 
noidal cell. It shows the thin scales of bone which ' ,' 
project into the cell and assist in lining its walla. ^qUI 
However, it is right to state that these cornua ^|^rf 
sphenoidalia are rarely met with perfect. In con- A Y 
sequence of their coalescence with the sphenoid, \i 
ethmoid, and palate bones, they nre generally 
broken in separating the bones of the skull, so 
that there appears in most sphenoid bones a lai^ irregular 
hole leading into the sinus; as shown on one side of I'late YLU. 




We come next to examine tbe " sphenoidal sinuses" themselves. 
These are large air-cavities in the body of the sphenoid, generally 
two in number, and separated by a more or less complete perpen- 
dicular partition (Plate XV. figs. I and 2), Like the other air- 
cells in the bones of the skull, they are not developed in young 
subjects ; but in the adult they gradually become large enough to 
excavate the whole body of the bone.* As just now observed, the 



* In old Eknlls the dnm often extends into part or the builar pnxeea of tlie 
oedpiul bone. In tbo chimpanzee the (pbcnoidal sinu extendi fkr into tbe hU- 
aphenoid and ptcrj'goid boncB. 
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air IB admitted freely into them from the upper and back part of 
each nostril, through an opening in the front wall of the sinus t 
and they are lined with a prolongation from the mucoua membrane 
of the nose, Thia communication of the sphenoidal cells with the 
naaal, cavities explains why we may have bleeding from the nose na 
a symptom of fracture through the base of the skull, — that is, 
through the body of the sphenoid. 

Lastly, the sides of the anterior surface of the body are hol- 
lowed out into two or three small air-cella, one below the other 
(Plate VIII. fig. 2). Of these, the upper, one or more, are roofed 
in by corresponding cells of the ethmoid bone, and the lower by a 
coFresponding cell in the orbital process of the palate bone. 

The infenor surface (Plate IX. fig. 1) looks towards the upper 
part of the throat, and may, therefore, he called the "guttural" 
surface. A portion of the vertical plate or " rostrum " is seen here 
also ; and you will observe that it expands a little towards its base. 
Now it is this lower part of the rostrum which is connected with 
the vomer, and the mode of connection is rather singular. The 
rostrum fits into a deep cleft between- the two plates or " wings" of 
the vomer, and thus serves as a fulcrum from which thia bone may 
pass forwards to form the septum of the nose. But the chief 
thing to be noticed on thia surface is a thin plate or offshoot of 
bone which projects horizontally inwards, on each side, from the 
base of the pterygoid process. These two plates are termed the 
" vaginal processes," and their free edges rise j\ist enough to allow 
the edges of the vomer to slide beneath them (Plate IX. fig. 1). 
This is another contrivance for fixing the vomer. Lastly, these 
plates are each traversed by a small groove, or perhaps a complete 
canal, termed the " pterygo-palatine canal," for the tranamiasion of 
a small artery.* 

So much for the anterior, posterior, superior, and inferior sur- 
faces of the body of the sphenoid. All that we have to remark 
concerning the " sidea" of the body is, that they are grooved for 



* The ptcryga-palaime canaUrBDimilsIhepterjgo-palfttineaittuy. Thu is a branch 
or tho tapcrior maxilluy, and niui from before backwurila to euppl; the top of the 
phaiynx and the Gustacliinn tube. 
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the carotid artery, and that the smooth plate of the body in front 
of the sphenoidal fissure contributes to form a part of the inner 
waU of the orbit (Plate XX.). 

Lbusr Wihos. The lesser wings project transrersely from the 
upper part of each side of the body (Plate VIII. 
fig. 1). Their upper surface ia smooth and flat, to support the 
anterior lobea of the brain ; their lower eurface overhange the 
sphenoidal fissure, and forms the back part of the roof of tlie 
orbit: hence they are sometimes called the "orbital wings." 
Their base is traversed by the " foramen opticum," for the passage 
of the optic nerve and ophthalmic artery into the orbit. This 
foramen should be described rather as a short canal directed out- 
wards and forwards. Towards the sella turcica each wing projects 
considerably in the form of a blunt angle, termed the '* anterior 
clinoid process ;" and between this and the body of the sphenoid 
there is either a deep notch or a complete ring for the internal 
carotid artery. 

I The "greater wings," sometimes called the 

" temporal," project from the lower part of each side 

the body. They present three suifaces, which respectively enter 

ito the formation of the base of the cranium, the orbit, and the 
temple. Their " cerebral surface " is concave, and marked by the 
convolutions of the middle lobe of the brain. Their "orbital 
surface " is a smooth quadrilateral plate which forms more than half 
of the outer wall of the orbit (Plate XIII. fig. 2). Of the four 
borders of this plate you will notice that the superior in connected 
with the frontal bone, and the anterior with the malar bone ; while 
the posterior and the inferior borders respectively enter into the 
formation of the "sphenoidal" and " spheno-maxillary " fissures. 
Their "temporal surface" is divided into two unequal parts by a 
transverse " crest " of bone : of these, the upper and larger one forms 
part of tbe temporal fossa, and gives origin to part of the temporal 
muscle: the lower one forms part of the zygomatic fossa, and gives 
origin to one head of the "pterygoideus extemus" muscle. The 
posterior angle of the great wing terminates in a sharp process 
termed the " spinous process," which fits in the angle l>etwcen the 
squamous and petrous portions of the temporal bone, and gives 



attachment to the ioteraal lateral ligament of the lower jaw, aa well 
as origin to the "laxator tympani" muscle. 

The greater wings are separated from the lesser by a broad and 
long fiBaiire, termed the '• sphenoidal fissure," which leads from the 
base of the skull into the orbit, and transmits nerves to the eye 
and its appendages." Immediately below the inner end of this 
fissure is the " foramen rotundum," which transmits the superior 
maxillary nerve. Farther back and more external is the " foramen 
ovale," which transmits the inferior maxillary nerve. Near the 
Bpinous proems is the "foramen spinosum," through which the 
"arteria meningea media" enters the skull.f 

Pterygoid pro- The "pterygoid processes" descend nearly per- 
f^ssoa. pendicularly from the under part of the bone, — one 

on either side. These remarkable processes answer three pur- 
poses: — 1. They bound the posterior opening of the nose; 2, They 
act as buttresses to support the upper jaw-boues; 3. They give 
origin to the powerful pterygoid muscles which produce the grind- 
ing movement of the lower jaw required for the mastication of the 
food. Each process consists of two plates, termed respectively 
the " externa! and internal pterygoid plates." These are united in 
front, but diverge from each other behind, so as to leave a deep 
interval, called the " pterygoid fossa," chiefly for the origin of 
the " pterygoideus interaus " muscle. Immediately above this is a 
sm^er fossa, termed, from its resemblance to a boat, the " scaphoid 
fossa," for the origin of the " tensor palati " muscle (Plate IX, 
fig. 1). At its lower part the pterygoid fossa presents a deep 
notch, which, in the perfect skull, is filled up by the tuberosity of 
the palate hone. Respecting the inieitial pterygoid plate, we have 
to observe, that it forms the lateral boundary of the posterior open- 



* Th(< sphcnoitlikl lieaiirc, somctimea called Ibu " orbiul,'' or, again, the " foramen 
locerum in Imsii crunii uautiuc," gives jui«8age lo tho tbird and fuurth nerrirs, in the 
jjnil branch at ^o fifth, the sixth, a few fihtmenti uf tlio ejrmpalbeiic oerre, md alio 
to the Dphlhalinic rein. 

t Deades the fornniinn In the greater wing describod in the luxt, there is often one 
(near the outer edge of Ibe sphenoidal fisaure) whieh luoda into the orbit, and trani- 
miu a hnuich of the middle meningeal axtety. There is often another (bctwceii the 
fominen ipinosam aud ovale), through which tlic leaser polrosal nerve runs, wlien it 
does not pasa Ebrough llio fommon laccram medium. 
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ing of the nose ; that it has a crescent-shaped margin above, to 
make room for the cartilage of the Eustachian tube; and that 
below it terminates in a pointed hook, termed the ^^hamular 
process," which makes a beautiful pulley, round which the tendon 
of the tensor palati turns. There is nothing to remark about the 
external pterygoid plate, beyond the fact that its outer surface 
forms the floor of the zygomatic fossa, and gives origin to the 
" pterygoideus extemus" muscle. Lastly, at the base of the ptery- 
goid processes, a long canal, the " pterygoid" or " Vidian," nms from 
before backwards through the substance of the bone, and transmits 
the Vidian * nerve and artery. 

. Look now at the anterior aspect of the pterygoid processes, and 
you will observe, on each side, a plate of bone, standing off like a 
side buttress to connect them with the greater wing. The plane 
of this plate forms a smooth surface, termed the " spheno-maxillary," 
and nearly corresponds in direction with that of the " orbital sur- 
face " of the greater wing (Plate VIII. fig. 2). We draw special 
attention t-o this plate, and give it a special name, because it con- 
stitutes the superior wall of a deep and important fossa, termed 
the "spheno-maxillary," which, in the perfect skull, intervenes 
between the sphenoid and superior maxillary bones. 

Connections of The Connections of the sphenoid bone cannot well 
the sphenoid. \yQ understood without a general knowledge of the 

bones of the head. It is joined to all the bones of the cranium, 
and to five of those of the face. The " l>ody " is connected behind 
with the occipital bone, and in front with the ethmoid bone, the 
two palate bones, and the vomer. The " lesser wing" is connected 
to the orbital plate of the frontal bone: the "greater wing" is 
connected to the orbital plate of the frontal by a rugged surface 
of considerable extent ; to the anterior inferior angle of the parietal 
bone : to the squamous and petrous parts of the temporal bone ; 
and to the malar bone. Lastly, the pterygoid processes are con- 
nected with the palate bones. 

In the foetus, the sphenoid bone is divided into two parts. The 
posterior, comprising the sella turcica and the greater brings, is 

-^ Yidus Vidius was a professor at Paris, and physician to Fran9ois I*'. 
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called the " temporo-ephenoid ;" the anterior, comprising the lesser 
wings, and that part of the body to which they are attached, is 
called the " orbi to-sphenoid." Each of these parts has three centres 
of ossification, — one for the middle, and one for each of the wings; 
thus making six centres. The "comua sphenoidalia " have each 
their own centre ; so has each internal pterygoid plate. In all, 
then, there are ten centres. * 



THE ETHMOID BONE. 



(PInW IX. figs, a Qud 3.) 



i 



This remarkably light and npongy bone contains the organ of 
smell. It occupiea the interval between the orbital plates of the 
frontal bone, and enters into the formation of the cranium, the 
orbit, and the nose. It appears, at first sight, complicated ; but, in 
fact, it is simple enough when one iinderstands the plan of it. It 
Consists of a horizontal plate, which forms part of the base of the 
skull ; of a central perpendicular plate which forma part of the 
septum of the nose, and of two "lateral maascs" containing the 
air-cells. Each of these must be examined separately. 

lloRizoMTAi. The horizontal plate fits into the "ethmoidal 

PuTR. notch" between the orbital plates of the frontal 

bone, and completes the Iwise of the skull (Plate XVII.), It 
ta called the " cribriform plate " (cribrum, ij^/i6», a sieve}, because 
there are so many holes in it for the passage of the olfactory nerves. 
High above it rises a crest of bone, termed, from ita resemblance to 
a cock's comb, the " crista galH." This, which is a continuation of 
the perpendicular plate, gratbially rises sharp from behind, swells 
out as it proceeds, and stopping suddenly short, presents a broken 

ovelopmciii of ihe pphenoid bone, sec Meckel's 
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siir£Eice which is connected to the frontal bone.* The cribriform 
plate, you will observe, does not quite come up to the level of the 
lateral masses, but lies at the bottom of a deep groove (^" olfactory 
groove "), which, with the crista galli in the middle, and the orbital 
plate of the frontal bone on each side, forms in the perfect skull 
two complete recesses adapted for the safe lodgment and support of 
the olfactory lobes of the brain. The foramina at the bottom are 
divided on each side into three sets or rows, — an oilter, an inner, 
and a middle. By passing bristles down these holes, you will find 
that the outer and the inner rows lead respectively to the " olfactory 
canals" on the perpendicular plate and the upper spongy bones; 
while the middle holes run simply through the cribriform plate t 
(Plate XV. figs. 1 and 2). Close to the crista galli there is a long 
^^ slit," rather than a hole, which gives passage, not to one of the 
olfactory nerves, but to the " nasal nerve " (a branch of the first 
division of the fifth pair), which confers common sensation upon 
the mucous membrane of the nose. 
Perpbndioulas The perpendicular plate descends from the 
Plate. cribriform plate to assist in forming the septum of 
the nose. We notice the numerous grooves and canals on its 
surface, already alluded to, for the passage of the olfactory nerves. 
Its connections are well shown in Plate XV. fig. 1. Behind, it is 
connected along a sloping line with the " rostrum " of the sphenoid 
and the vomer : in front it is connected with the nasal spine of the 
frontal, and the crest of the two nasal bones, of which it mainly 
serves to support the arch. The triangular gap in the septum in 
the dry skull is filled up, in the recent state, by the central 
cartilage of the nose. 

Lateral The "lateral masses" of the ethmoid (fig. 13) 

Masses. ^^q made up of irregular air-cells, surrounded by 

paper-like walls of bone : hence they are somewhat happily caUed 



* The ** crista galli ** serves for the atfcachmeiit of the '* falx cerebri." It varies in 
size, and has often a slight lateral inclination. Sometimes it contains an air-cell in 
its interior. 

f These three rows of holes correspond to the three sets of olfactory nerves : 
namely, those that ramify <xi the septnm, those that ramify on the spongy bones, and 
those that simply supply the roof of the nose. 

a 
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"labyrinths" of the i 




Section 1< 



The cells are divided into two 
seta, — an anterior and a pos- 
terior; and the cells of one 
set do not comtnunicate with 
those of the other. In the 
Ecparated bone many of the 
cells are necessarily broken, 
because their walls, in the 
perfect sknll, are completed 
by the adjoining bones. Thus, 
the ceils on the upper surface 
are roofed in by correaponding 
cells in the orbital plate of 
the frontal ; those behind are 
closed by the body of the 
Bphenoid and the orbital process of the palate bone ; those iu 
front are walled in by the lachrymal ; those below, by the superior 
maxillary bone. On the outer side of each lateral mass the celU 
are closed by a smooth and square plate of bone, termed the 
" OS planum," belonging entirely to the ethmoid. This forms a 
large share of the inner wall of the orbit (Plate XX.), where it is 
easy enough to learn its connections with the surrounding bones, 
by tracing the sutures between them. In doing this, we cannot 
foil to notice the two notches on its upper border, which con- 
tribute, with the frontal, to form the " anterior and posterior orbital 
foramina.'' 

Turbinated Bonei. On that surface of the lateral mass which looks 
towards the septum, we observe two thin plates 
of bone standiug out, one below the other, and slightly curled, 
like a turbinated ehell. These are the " turbinated " or " spongy " 
bones of the ethmoid (Plate XV, fig. 2), and can only be properly 
seen in a divided skull. The " superior " ia the smaller of the 
two, and does not reach eo far forward as the other, which is 
called the " middle," because there is a third or " inferior spongy " 
bone, still lower down in the nose ; but this does not belong to 
the ethmoid. Now the spaces left between these spongy bones 
and the lateral masses are called, respectively, the superior and 
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iddle "meatos," or passages of the nose. Each U quite distinct 
the other, so far as it goes, and leads to its own particular 
es, and to no other. The superior meatus, being farther back 
the middle one, naturally leads into the " sphenoidal sinus," 
also into the " posterior ethmoidal cells ; " whereas the middle 
leatiis leaila into the "anterior ethmoidal cells," and also to the 
mtal cells, along a funnel-shaped canal (termed the "infundi- 
um ") which traverses the foremost of the ethmoidal cells. 
However, the great use of the spongy bones is to afford an addi- 
il extent of surface for the subdivisions of the olfactory nerves : 
to this end their surface is studded with grooves and canals, 
ugh which the nerves come down from the cribriform plate 
spread out upon the mucous membrane. In man, the arrange- 
of these bones is very simple ; they make only a single curve. 
u animals remarkable for their sense of smell, one sees them 
maloDg rolls within rolls ; or, as is the case in the seal^ subdividiDg 
into a multitude of plates, like the separated leaves of a book, in 
order to afford a vast surface for the application of the olfactory 
lembi^ne, — a suriace which has been calculated to be not less than 
.20 square inches in each nostril. 

' Lastly, from the anterior part of each lateral mass an irregular 
plate of bone descends almost perpendicularly, and terminates in a 
kind of hook ; hence it is called the " unciform " process " ( Plate IX. 
fig. 3> By referring to Plate XV. fig. 2. it will be seen that this 
process is connected more or less with the inferior spongy Ijone, 
and also with the thin walla of the "antrum" of the superior 
maxillary bone ; its chief piirpose being to asmst in narrowing the 
orifice of this great air-cavity. 

The ethmoid is connected with thirteen bones, namely,— behind, 
with the sphenoid and two palate bones; above, with the frontal ; 
tjelow, with the two superior maxillary ; and in front, with the two 
lachrymal bones. Again, the perpendiailar plate is connected 
behind with the vomer, and in front with the two nasal bones. 
Lastly, the unciform process on each side is connected with the 
Jnferior spongy bone and the superior maxillary. 

• The "unciform proccM" i( nlmoit alivnja broken in taking the *kuU to pieceij 
It it is evideot enaagh in n good (eciion of ihu nunl cavities. 
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Until the middle of foetal life the ethmoid is all cartili^e. 
Ossification begins bj a centre for each of the lateral portions; 
soon afterwards another centre appears in each of the spongy bones. 
During the first year after birth the cribriform plate and the crista 
gain ossify, and unite to the lateral masses. The perpendicular 
plate ossifies last of all. An arrest in the progressive ossification 
of this plate occasions a " pug nose." In the fcBtus at birth there 
are no ethmoid cells; these are not formed till the fifth or sixth 
year. 

BONES OP THE FACE. 

There are fourteen of these j namely, the two superior maxillary, 
the two malar, the two naaal, the two lachrymal, the two inferior 
spongy, the two palate, the vomer, and the inferior maxilla. 
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(riate X.) 



* 



This bone gives much of its character to the human face, and 
forms the greater part of its framework. It is exceedingly irregidar 
in shape, and, besides forming socket* for the teeth, enters into the 
composition of the nose, the orbit, the cheek, and the palate. For 
convenience of description, we divide it into a " body," which is 
hollowed out into a large air-cavity, called the " antrum," and four 
outstanding "processes;" namely, the "alveolar," which holds the 
teeth; the " palatine," which forma part of the hard palate; the 
" nasal," which assists in forming the nose ; and the " malar," which 
helps to form the prominence of the cheek. 

Walls of the l*t us take the body first, and learn its various 
Amtbdm. relations well, for it is a part of great surgical 

interest, being liable to many diseases requiring surgical operations. 
The first thing to observe is, that the walls which bound its cavity 
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tve /our aspects; one, namely the front, looks towards the cheek; 

tother, namely the upper, looks towards the orbit; a third, 

•mely the inner, looks towards the nose; and a fourth, which is 

jhind, looks towards the zygomatic fossa. Therefore, when a 
morbid growth forms in the antrum, and distends it, any one or 
more of fliese walla may be protruded. They are all very thin, 
the orbital especially ; but it is worth remembering that they are 

icker in the child than in the adult. 

Anterior wall. The anterior wall of the "antrum" is that which 

we generally remove in order to take out a morbid 

growth from the interior, and through which we tap the antrum to 

let out pus, or any fluid that may have accumulated there ; cysts 

in the antrum being by no means uncommon. There is a depres- 

in it, called the "canine fossa;" and just above this is the 

infra-orbital foramen," or termination of the " infra-orbital canal," 
which transmits the " infra-orbitaJ" nerve and artery. The canine 
fossa gives origin to the " levator ajiguli oris." Above the infra^ 
orbital foramen arises the " levator labii superioris," and more 
iutemally the "compressor narium." 

PoMwior w«U. The posterior wall of the antrum is convex, and 
bulges into the zygomatic fossa.* There are several 
small holes in it, leading to canals (" dental canals") for the trans- 
mission of the posterior dental nerves and arteries. Lower down 
it has a very rough surface, called the " tuberosity," by which it is 
firmly connected to the palate bone ; and along the inner edge of 
this surface (fig. 2) is a groove, which, with the perpendicular plate 
of the palate bone, forms the " posterior palatine canal," for the 
passage of the posterior palatine nerve and artery. 

Superior walL The superior wall or roof of the antrum forma 

the sloping floor of the orbit. Like the other walla 
of the antrum, it is thin enough to be transparent. The chief thing 
to notice here is the "infra-orbital canal," for the passive of the 
superior maxillary nerve. It commences behind as a groove, but 
soon becomes a canal, which terminates on the front wall of the 
antrum, below the edge of the orbit. A little before its termination, 

* BUodin (AniLt. Topog. p. 44} reloles a cale in which a tumor, originating in tlie 
•Btrum, made its waj into tho ijgomatic fossa, and caased a swelling in the temple. 



the main canal gives off one or sometimes two smaller ones, termed 
the " anterior dental canals." These run down in the very substance 
of the front wall of the antrum, in order to transmit blood-veesela 
and nerves to the two incisor, the canine, and the first bicuspid 
teeth. To see these canals it is necessary to introduce a bristle as 
a guide, and then to rasp away the front wall of the bone. Mear 
the lachrymal groove may be seen a small depression, indicating 
the spot where the "inferior oblique" muscle of the eye arisea. 
This is the only muscle of the orbit which takes origin from the 
front; all the others arise from the back part, around the optic 
foramen. In the perfect skull (Plate XIII.) you will find that the 
upper wall or "orbital plate" of the antrum is connected on its 
inner side with the lachiymal, ethmoid, and palate bones ; but that 
on its outer side it forms one of the margins of the "epheno-max- 
illary fissure," at the back of the orbit. 
Inieraai wall. On the inner or " nasal wall" of the antrum, 

the first thing we notice is the orifice of the antrum 
itself (Plate X. fig. 2). In the separate bone, this orifice is very 
irregular, and large enough to admit the end of a finger;* but in 
the perfect akull (Plate XX.) it is very much closed in by the 
ethmoid, palate, and inferior spongy bones. In the recent state, 
indeed, the orifice is generally so contracted by a fold of the mucous 
membrane of the nose, that it will only just admit the passive of a 
crow-quill. Observe, moreover, that the orifice is not near the 
bottom of the antrum, but very high up : the consequence of this 
is, that when fluid collects in the antrum it cannot run out until 
the antrum is nearly full, or until the head is inclined horizontally 
with the opposite cheek downwards. 

Antruh. So much for the four walls of the antrum. Now, 

observe the size and form of the cavity itself. The 
" maxilhiry sinus," or " antrum of Highmore,"t is by far the lai^est 
of the air-cells in the bones of the head. It is large enough to hold 



" Someiimes there are two openings, Mpamted by the thin plate (unciform process) 
which descends from the ethmoid bone. 

t Nathaniel Highmore was an English analomirt, bom 1613, died 1684, who 
much aboal the dleeaseB of the antrum. Hu did not dii«orcr the 
known to Galen u the " Sinus nuxiUaris." 
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a musket-ball with ease. Mr. Guthrie* says he has koowu a ball 
lodge in the aDtrum for months, and even for years, before it was 
removed. M. Jaijavayf speaks of a ball having lodged for eleven 
years in the antrum, and having finally made its way out through 
the roof of the mouth. However, it varies in size, and somewhat 
in shape, in different persons : but, as a rule, it has the fonn of 
a triangular pyramid, with the base towards the nose, and the 
apes towards the malar bone. Thin plates of bone are often 
found extending across the antrum ; and, what is of more im- 
portance, the fangs of one or more of the molar teeth generally 
project into it, either quite bare, or covered by a thin scale of 
bone. Hence the practice, adopted by some surgeous, of drawing 
one of these teeth, say the first or second molar, in order to let 
out matter from the antrum. Again, the fangs of decayed or 
otherwise injured molar teeth are liable to set up disease in the 
antrum ; and this is the explanation commonly given why morbid 
growths arise in the antrum more frequently than in any of the 
other air-cavities of the nose. 

The following case gives one a good idea of the extent of the 
antrum : — "A lady suffering from tooth-ache submitted to the 
extraction of the canine tooth of the upper jaw, with which a por- 
ition of the alveolar process was removed, makiug an aperture in 
the antrum, from which a watery fluid constantly issued. The 
patient, desirous of ascertaining the source of the discharge, took a 
pen, and, having stripped off the barbs from the feathered part, 
found that the whole of it, full sis inches long, could be introduced 
into the cavity. At this she was greatly terrified, believing it must 
have gone into the brain. She consulted Highmore, who explained 
to her that the pen had turned spirally within the sinus, and he, 
besides, counselled her to submit with patience to the inconvemence 
of the discharge from the cavity."! 

AlreoUr process. The alveolar process is the thickest and strongest 

part of the bone, and contains, in the adult, sockets 

(alveoli) for eight teeth ; namely, two " incisors," one " canine," 



" CommcnlariCR, p. 5S8. t Analomis Chirar^iciJc. 

t I>nike's Syalem of Anatomy, 8vo. 1 707. 
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two " bicuspid or prieinolars," and three " molars." Thus the dentall 
formula in man ia — 



The sockets correspond in number and size to the fangs of the teeth 
they receive. They vary in depth in different instances. The 
deepest of all is the socket of the canine tooth : this is often -^th 
of an inch in depth in the dry bone. The first two of the molars 
have generally each three fangs, and as many sockets. Of these 
fangs, two are external, one internal. Irregularities in the shape 
and the direction of the fangs, whether diverging too much or con- 
verging, lead to unavoidable evils when it is necessary to extract 
them. Either a fang breaks, or part of the alveolus muHt be ex- 
tracted with the fang. One cannot foresee this. Hence it follows 
that, now and then, even the most skilful operators will break 
teeth, or extract portions of bone. At the bottom of each socket 
there is a minute hole, through which the vessel and nerve come 
\ip to the fang; and there are also numerous holes in the bony 
partitions between the sockets, through which vessels come to 
supply the gums. These are the sources of the bleeding after the 
extraction of a tooth. The teeth are fixed, not only by the closely 
fitting socket, but also by the very vascular membrane, the peri- 
osteum, which lines the socket and adheres closely to the fang. 
This periosteum cot only retains the teeth in their place, hut main- 
tains their vitality, and, being elastic, breaks shocks which would 
otherwise be communicated to the jaws. \Mien the dental peri- 
osteum inflames, the tooth is partly lifted out of its socket, and the 
jaws cannot be closal without pain. If the inflammation goes on to 
the formation of matter, the periosteum quits its hold of more or less 
of the fang, and abscess in the socket is the result. The matter then 
makes ita way out by the side of the tooth, or through a small hole 
formed by ulceration in the alveolar wall ; and a gnm-boil is the 
result. In the dry bones, most of the t-eeth fall out, because the 
periosteum shrinks, and thus the sockets become too large. 

The alveolar process gives origin to two muscles (Plate X. fig. I), 
namely, to the " buccinator " above the three molar teeth, and to 
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le "depressor labii superioris" above the incisor teeth, where 
a little depression, termed the " myrtiform fossa." 

Nnsal proreai. The nasal process ascends nearly perpendicularly, 
to abut, by means of a very rough suture, upon the 
internal angular process of the frontal bone. It supports the true 
nasal bones, and contributes to form the inner margin of the orbit. 
The principal point concerning the nasal process is the deep groove 
^ich riuis almost vertically behind its orbital margin. It is called 
ilie " lachrymal groove." In the perfect skull you will find that 
'it ia converted into a complete canal by a corresponding groove in 
ihe lachrymal bone and a small portion of the inferior spongy 
ibone. The. canal thus completed is for the lodgment of the 

lachrymal sac " and " nasal duct," which convey the tears into 
the inferior "meatus" of the nose. It is about the size of a 
common goose-quilL "When, from inSammation or other cause — 
such as a tumor — the canal becomes obstructed, the tears neces- 
sarily flow over the edge of the eye-lid, and run down the cheek. 
To obviate this, it is often requisite to puncture the lachiymal sac, 
and introduce a style into the canal. Therefore one must know 
well the direction of the canal It runs from above downwards, 
and with a slight inclination backwards. On the outer surface of 
the nasal process we observe the prominent ridge which forms the 
inner margin of the orbit. This gives origin to the "teudo oculi" 
and the " orbicularis oculi." A little in front of this the " levator 
labii Buperioris et alie nasi " arises. On the inner surface we have 
to observe the two ridges to which the inferior and middle spongy 
bones are attached, and also the smooth surfaces between the 
ridges which respectively form part of the inferior and middle 
" meatus " of the nose. Near the top the nasal process often closes 
in one of the anterior ethmoidal cells. In front the nasal process 
presents a sharp crescent-shaped margin, which, with the similar 
one on the opposite bone, bounds the anterior opening of the nose, 

id gives attachment to the lateral cartilage. 

Palatine pro- The palatine process estends horizontally inwards, 
to form the anterior two-thirds of the hard palate, 
and also the floor of the nose; the posterior third being completed 
by the proper palate bone. On the palatine surface (Pkte XVIII.) 
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we observe — 1, the palatine groove for the palatine vessels and 
nerve; 2, the numerous foramina which transmit vessels into the 
bone ; and 3, the pita made by the palatine glands. On the 
upper or nasal surface there is nothing to notice, more than that 
it is smooth and slightly concave. By adjusting the two superior 
maxillary bonea together, you will find that the palatine processes 
are connected in the middle line by a very rough suture (palatine 
suture) ; and that they rise towards the nose into a kind of crest, 
which articulates with the vomer, and forms as it were a base 
for the bony septum of the nose (Plate XV, fig, I). This crest 
projects in front in the shape of a sharp spine {the "anterior nasal 
spine "), which serves for the attachment of the cartilaginoiis part 
of the septum. In this palatine suture, immediately behind the 
middle incisor t«eth, we observe the " anterior palatine canal " 
(Plate XVIII.). Towards the palate, this canal has, at first sight. 
only one large orifice ; but if we look to the bottom of it, we shall 
probably find four openings. Two of these lie in the middle line, 
one behind the other, and transmit the anterior palatine nerves; 
the other two, much larger, are situated one on each side ihe 
middle line ; they lead into the floor of each nostril, and transmit 
the anterior palatine axteries.* 

Molar process. The malar process stands off from the outer 

side of the antrum. It is remarkably thick an'l 
strong, and is connected, by a very rugged surface, with the malar 
bone. Observe that the malar process is situated just over the 
first and second molar teeth, and is therefore well calculated to 
resist pressure in mastication. When we crack a nut, we in- 
stinctively place it under thesR teeth. 

The superior maxilla is connected with nine bones, as follows: — 
with the malar, tbe frontal, the nasal, the lachrymal, the vomer, 
the inferior spongy, the palate bone, its fellow, and lastly, the 
ethmoid. We mention this bone last of all, because we wish to 



• The description in tbc text conecming the anterior palatine canals, applies 
twenty out of forty skulls eianiincd. Their liiBposiiion, in other cases, is very apt 
TUji both as to nnmber and size. It noa Scarpa (Aiinat. Analoin. lib. ii. p. 7S) wl 
fint pointed out tho varieties in \hese canals, In mniiy ioslnnccs one of the cnnnti 
ab«enti or, if present, not pervious ihroueh oat. 
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direct attention to a £ftct which we have hitherto omitted to notice^ 
that some of its cells are closed in by half cells usually seen along 
the orbital plate of the superior maxillary bone (Plate X. fig. 2). 

The ossification of the upper jaw b^ins so soon (as early as the 
fifth week), and proceeds so quickly, that the number of its inde- 
pendent centres has not yet been accurately determined. There is 
one part,* however, which is certainly ossified from a distinct centre, 
that, namely, which contains the sockets of the two incisor teeth. 
In animals this remains a permanently distinct bone, called the 
^^ pre-maxUlary." Indeed in most human skuUs, if not very old, 
one can trace the remains of the pre-maxillary suture (Plate XVIII.). 
It nms outwards from the anterior palatine canal, and then through 
the alveolar border of the jaw, invariably between the second 
incisor and the canine tooth ; and here we lose all trace of it. 
This is interesting surgically. In cases of double hare-lip, where 
the fissure is not confined to skin, the pre-maxillary bones on each 
side fail to unite with the rest of the upper jaw, and often project 
in a hideous manner through the fissure of the lip. When removed 
by operation, this portion of the jaw is always foimd to contain the 
capsules of the four incisor teeth. 



MALAR BONE. 
(Plate XIL fig. 3.) 

The malar bone forms the prominence of the cheek, a part of 
the margin and wall of the orbit, and the greater portion of the 
zygomatic arch. It is remarkably thick and strong, in order to 
resist injury, to which the face, in this situation, is so obnoxious. 
We divide it into an anterior or svhcutaneous surface, a superior 
or orbitaly and a posterior or zygomatic 

* This part, in man, was first pointed out by the poet Goethe. 



On the Bubciitaneoufl surface there is nothing to obaerve except 
the orifice of one of the " malar canals," and that it gives origin 
to the " zygomaticus major " and " minor " muscles. 

The superior surface forms part of the outer wall of the orbit, a 
small part of its floor, and, generally speaking, the comer only of 
the spheno-maxillary fissure,* There are usually two " malar 
canals " to be seen on it By introducing bristles, it will be found 
that one of these leads to the subcutaneous surface ; the other, to 
the zygomatic surface.f 

The posterior surface is very concave, in order to form the 
anterior wall of the zygomatic fossa. 

The malar bone has three free borders. One forme at least a 
third of the margin of the orbit, and reaches as far inwards as the 
infira-orbital canal : a second forms the upper edge of the zygo- 
matic arch, and gives attachment to the " temporal fascia :" a 
third forms the lower edge of the arch, and gives origin to the 
"masseter" muscle (Plate XIV, fig, 2). 

The malar bone is connected with four bones; namely, hy a 
broad and very rough surface, with the superior maxillary; by 
suture, with the external angle of the frontal, the orbital plate of 
the sphenoid, and the zygomatic process of the temporal. These 
several connections are so strong, that the tone cannot be driven 
inwards towards the orbit, and fractures of it are very rare. It is 
developed from a single centre of ossification. 



* From an cxemination at monj sknlla, I find IhU iho mnlar bone is nearly u 
often u not excluded rrom [he spheno-maxilluiy fUsura. This excltuion is cjfecled in 
one of two navB ; either by the unmediale junction of the superior moxitlarj and 
sphenoid honca, or, what i» rather Eiugalar, by Lbe inlerposilJon of a little "Wormian" 
bono just at lbe angle of the fissnre. 

f Tbeic malar canals transmit nerves which proceed from the orbital branch of Ilie 
superior maxillarj nerve to the cheEk, and the ijgomatic fossa respectively. 
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(PlatoXin. fig. a) 



The nasal bones, situated one on either side, occupy the apace 
between the naaal processes of the superior maxillary bones, and, 
together, complete the bridge of the nose. Their length, breadth, 
and degree of inclination, determine the shape of the nose in 
different individuals. We have to examine tlieir anterior and 
posterior surfaces, and their four borders. 

Their anterior surfaces are subcutaneous, convex, and present 
the orifices of one or more canals, for the transmission of blood- 
vessels. Their posterior surfaces are concave, so aa to form part of 
the roof of the nose, and are each marked by a groove for the 
passage of the nasa! nerve. 

Their upper borders are broad, serrated, and firmly articulated 
with the frontal bone. Their lower borders are thin and free in the 
dry bone, but connected in the recent subject with the lateral car- 
tilages of the nose. Each has, generally, a little notch in it, through 
which the nasal nerve comes to supply the skin at the tip of the 
nose. Their outer borders are serrated, and slightly sloped, so as 
to articulate with, and be supported by, the na«il processes of the 
superior maxillary. Their inner borders articulate with each other, 
in the middle line, along the "nasal suture." Here the imder 
surface of each bone rises into a high "crest." By putting the 
bones together, it will be seen how their crests form the begin- 
ning of the bony septum of the nose, and that they articulate with 
the nasal spine of the frontal bone, and the perpendicular plate of the 
ethmoid (see Plate XV'. fig. 1). Hence, you cannot have a fracture 
with depression of the nasal bones, without a fracture of the per- 
pendicular plate of the ethmoid. In some rare instances, the injury 
extends through the perpendicular plate of the ethmoid to the base 
of the brain. Observing the great strength of the nasal bones, and 
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the arch they form ; bow the sides of this arch are supported by the 
nasal processes of the superior inaKilla, white the centre ia propped 
up by the nasal spine of the frontal bone, and the perpendicular 
plate of the ethmoid (Plate XV. a, fig. 2), one cau readily under- 
stand what makes the arch so strong, and why the bones are 
so seldom broken. One has a pretty good proof of the strength of 
the arch, when one sees mountebanks support upon it, with impu- 
nity, a heavy ladder, with the additional weight of a man upon the 
steps. 

Each nasal bone is developed from a single centre of ossification. 



LACHHTMAL BONES. 
(Plate xn. flg. 4.) 



The lachrymal bones are situated, one on each side, on the inner 
wall of the orbit. They are exceedingly thin and delicate, and 
being shaped like the nail, are often called the "oasa unguis." In 
old skulls, they are often as thin as silver paper, and sometimes 
perforated. One surface looks towards the orbit; the other towards 
the nose. One of these bones is seen in eM in Plate XIII. fig. 2. 

The external or orbital surface has a vertical ridge upon it ; and 
in front of this is a groove (" lachrymal groove "), which, together 
with the groove on the nasal process of the superior maxilla, forms 
the canal for the lachrymal sac. Tlie ridge itself gives origin to 
the " tensor tarsi" muscle. The bone behind the ridge is smooth, 
slightly concave, and forms part of the wall of the orbit. 

The internal or nasal surface presents a slight furrow cor- 
responding to the estemal ridge. The surface in front of this 
forms part of the middle meatus of the nose ; that behind it always 
covers the anterior cells of the ethmoid bone, and sometimes a 
small cell or two in the frontal bone. 

By examining the orbit (Plate XIII. fig. 2), you will observe 
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that the lachryinal bone is aomewhat square, and that it articulates 
by suture with the ^oatal above, the ethmoid behiml, the Euperior 
moxillaiy iu front and below. But this is not all. Ttie lower edge 
of the bone has a little triangular " tongue," which articulates 
with what is called the " lachrymal process " of the inferior spongy 
bone (see Plate XV, fig, 2), So, tlien, it articulates with four 
bones. It has one centre of ossification. 



^^^»- There are 



PALATE BONES. 



(Plato Sr. fit's. 1, 2, 3.) 



^ There are two "palate bonea," one on each side, wedged in 
between the pterygoid processes of the sphenoid and the superior 
maxilJary bone. They form part of the nasal fossp aud the orbits, 
as well as of the palate. As the palate bone somewhat renemblefl 
the letter L in shape, we can divide it, for convenience of descrip- 
tion, into a horizontal and a vertical plat«. 
Horbontiil plate. Tlie horizontal plate completes the bony palate 
by fitting on to the palate plate of the superior 
maxillary bone. Its under surface (Plate XI, fig. 3) presents a 
transverse ridge, more or less marked in different bones, for the 
insertion of the aponeurosis of the " tensor palatt." In front of 
this ridge and towards its outer end we observe the orifice of the 
" posterior palatine canal," for the transmission of the posterior 
palatine vessels and nerve. The anterior edge of this plate ia 
serrated and cut obliquely, so ae to articulate with, and be supported 
by, the palate plate of the superior maxilla. The posterior edge 
is smooth and concave, and gives attachment to the soft palate. 
The inner edge firmly articulates witb its fellow, by means of a 
"median crest'" raised up towards the nose, precisely like the cur- 
responding parts in the superior maxillary bones (see Plate XV. 
fig. 1 ) ; and this crest serves to support the vomer, and form a 
basis for the septum of the nose. Behind, it terminates in a pointed 
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process, termed the " posterior nasal spine " (Plate XVIII.), which 
gives origin to the " azygos uvulae " muscle. Concerning the upper 
surface of the plate we have only to notice that it is smooth and 
slightly concave, in order to form part of the floor of the nose. 

Vertical plate. The vertical plate of the palate bone contributes 

to form the outer boimdary of the nasal fossa. 
On its inner surface (Plate XII. fig. 1) we notice a "ridge" for 
the attachment of the inferior spongy bone. The surfaces above 
and below this ridge, respectively, form part of the middle and 
inferior " meatus " of the nose. Still higher, there is a ridge for 
the middle spongy bone. On its outer surface we have to observe 
a vertical groove, which of itself almost forms the " posterior pala- 
tine canal " (Plate XI. fig. 1). The front part of the vertical plate 
fits along the inner wall of the antrum of the superior maxilla, and 
helps to contract the lower and back part of the orifice of the 
antnim. This part, however, is very fragile, *and is generally 
broken in separating the bones. 

Taberositj. From the angle formed by the horizontal and, 

vertical plates projects backwards what is called 
the "tuberosity" (Plate XI. fig. 1). This is the thickest and 
strongest part of the whole bone, and its use is to fit into and fill 
up the " notch " which, we remember, is left between the pterygoid 
plates of the sphenoid bone. For this purpose its posterior aspect 
presents a groove which completes the pterygoid fossa. This 
groove is bounded by two rough surfaces, which diverge from each 
other like the letter V reversed, in order to fit into the borders of 
the notch itself (Plate VIII. fig. 2). The anterior aspect of the 
tuberosity presents a very rugged surface, which articulates with 
the tuberosity of the superior maxillary bone. The inferior aspect 
has nothing remarkable on it, except the orifices of one or two 
canals large enough to admit a pin. They are the "accessory 
palatine canals," and transmit nerves to the soft palate. 

Turning now our attention to the upper part of the palate bone, 
we observe, that at the top of the vertical plate there are two pro- 
cesses. One is appropriately called the " orbital," because it fills 
up a little comer at the back part of the orbit ; the other is called 
the " sphenoidal," because it fits under the body of the sphenoid 
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bone. These processes are separated by a deep notch, which forms 
the greater part of the " spheno-palatine foramen." 

■ 

Orbital process. The " orbital process " springs from the top of 

the bone by a narrow neck, and is hollow in its 
interior, so that it may be compared to a little box with paper-like 
walls of bone.* The interior contains air, which is admitted through 
one of the posterior ethmoidal air-cells. Our little box has Jive 
surfaces, each varying in extent, and looking in different directions. 
If you hold the bone before you, precisely as it is in your own 
person, and remember that it is interposed between the maxillary 
in front and the sphenoid behind, you will have no difficulty in re- 
cognising the direction of these surfaces to be as follows (see 
Plate XII. fig. 2) : — the superior looks into the orbit ; the external 
looks into the zygomatic fossa (or, more strictly speaking, into the 
spheno-maxillary fossa) ; the posterior is connected with the body 
of the sphenoid ; the inte}'nal with the ethmoid ; and the anterior 
with the superior maxillary bone. Thus, then, we have a superior 
or orbital surface, an external or zygomatic, a posterior or sphe- 
noidal, an internal or ethmoidal, and an anterior or maxillary : of 
these five, two only are free, namely, the orbital and the zygo- 
matic, — the other three are attached to the respective bones with 
which they are contiguous. Plate XX. shows the little comer at 
the inner and back part of the orbit, which is filled up by the palate 
bone, and also the relative position of the bones with which the 
orbital process is connected. It likewise shows that the "zygo- 
matic surface " forms that part of the floor of the spheno-maxillary 
fossa which lies above the spheno-palatine foramen. 

Sphenoidal pro- The "sphenoidal process" is a thin plate of bone, 
^^^' which arches inwards beneath the body of the 

sphenoid bone, and forms part of the roof of the nasal fossa. As it 
is generally broken in the separate bone, one can see it best in the 
perfect skull (Plate XVIII.). The arch which it forms has three 

* Why should the palate bone creep up into the orbit ? One may he sure that such 
connection is the best possible for the function of the bone, without knowin;; the reason 
why. But the ** secret" reason is disclosed by comparative anatomy \ namely, that it 
mounts up into the orbit in order to be connected to the romer or body of the fruntai 
vertebra, to which it constantly belongs throughout all vertebrate animals. A striking 
instance, this, of unity of design. 

H 
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surfaces, — an upper or convex aurface, wMch closes in the pterygo- 
palatine canal ; aji under or concave surface, which we see in look- 
ing into the nasal fossa; and, lastly, an outer, which we see in 
looking at the bottom of the apheno-m axillary fossa. 

Respecting the '* spheno-palatine foramen," we need, for the 
present, merely observe, that it is an opening which leads from the 
Bpheno-maxillary fossa into the cavity of the nose, in order to con- 
vey nerves and blood-vessels there (Plate XX.). 

The palate bone articulates with seven bones, — namely, its fellow, 
the sphenoid, ethmoid, inferior and middle spongy bones, the 
vomer, and the superior maxilla. 

It is developed from a single centre of ossification, which appears 
at the angle of the horizontal and vertical portions, about the middle 
of the second month. 



INFEBIOK SPONGY BONE. 



(Plale XrV. figi. 1 Mid 8.) 



In each nasal cavity there are three spongy bones, — an upper, a 
middle, and a lower. The upper and middle, form part of the eth- 
moid hone, and have been already described. We have now to 
examine the lower one. 

This thin plate of bone is well called " spongy," from its appear- 
ance, and " turbinated," from its curved form. By referring to 
Plate XV. fig. 2, you will see it in situ, and observe how much 
longer it is than either of the others. Its internal surface, forming 
the convex part of the roll, looks towards the septum of the nose ; 
its external surface forms the concave part, and bounds the inferior 
meatus of the nose. Both surfaces are covered with little ridges 
and furrows, and more or less horizontal canals, specially for the 
lodgment of numerous plexuses of arteries, but chiefly of veins. 
This quite accords with the purpose served by the bone, namely, to 
afford an additional extent of surface for warming the air on its 




passage into tLe lungs. It has notbiug to do with the sense nf 
smell ; we cannot trace the olfactoiy nerves lower than the middle 
spongy bone. 

By its upper edge it is attached along the outer wall of the nose 
to several bonea, as follows :— Beginning from the front, we find it 
attached, 1, to a ridge along the nasal process of the superior 
maxilla: 2, by means of a little "tongue" ("lachrymal process") 
to just such another "tongue" of the lachrymal; it is this part of 
the bone which completes the nasal duct; 3, to the orifice of the 
antrum by means of a triangular plate termed the " mamillary pro- 
cess " {Plate XrV. fig, 3), which tums down like a dog's ear, ami 
helps to narrow the lower part of the orifice of tlie antrum ; 4, to 
the unciform plate of the ethmoid by means of a little tongue 
called the " ethmoidal process " ; 5, and lastly, to a ridge along the 
vertical plate of the palate bone. Notwithstanding these numerous 
connections, the bone is by no means strongly fixed in its position : 
in the dry skull it often falls out : and in the operation of extracting 
a polypus from the nose, it ia quite possible to pull out the entire 
bone with the disease. 

Its lower edge is free, and, generally, about half an inch from 
the floor of the nose, so that there is just room enough to introduce 
the tube of a stomach pump through the nose. 

The bone has one independent centre of ossification, which 
appears about the fifth month of foetal life. 



TnB VOMBB. 
(PUm XUL Se- I) 

The "vomer" is so named from its resemblance to a plough-share. 
It is a thin and delicate plate, situated perpendicularly in the midcllc 
line, and, together with the perpendicular plate of the ethmoid 
bone, forms the bony septum of the nose (Plate XV, fig. 1). 

Thin as it is, the vomer consists of two plates, united below, but 
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more or less separated above, where they diverge from each other, 
and fonn a deep groove which receives the "rostrum" of the 
sphenoid* The diverging edges of the groove, called the " wings,"* 
fit into the little furrows beneath the " vaginal processes" of the 
sphenoid (Plate IX.). Concerning the other connections of the 
vomer, we have to observe that,, the two plates of which the bone 
is composed part from each other at every edge of it ; and as the 
vomer receives the other bones into its grooves, so it is locked in 
on all sides. Below, it articulates with the crest of the maxillary 
and palate bones; in front, ^vith the perpendicular plate of the 
ethmoid, and the median cartilage of the nose ; behind, its edge is 
sharp and free, and, in the perfect skull, is seen as the septum 
between the posterior openings of the nasal fossae. 

Both surfaces of the vomer are marked by grooves for blood- 
vessels and nerves : but the only groove deserving notice is that 
which descends obliquely and transmits the " naso-palatine nerve." 

It is necessary to know that the direction of the vomer is not, in 
all persons, perpendicular. In 100 skulls, I find the vomer per- 
pendicular only in 24. There are instances in which it projects 
more or less into one side of the nose ; and such an unusual projec- 
tion, when covered by its vascular and swollen mucous membrane, 
might easily be mistaken for a polypus. Such mistakes are alluded 
to in surgical works.* 

The vomer is developed from one centre of ossification, which 
begins at the lower part, and proceeds upwards along each lateral 
plate. 

* Jarjayaj, Anatomic Chir. t. il p. G1. 
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THE INFERIOR MAXILLARY BONE. 

(Plate XVL) 

For convenience of description we divide the lower jaw into the 
arched part in front, which we call the " body" of the jaw, and the 
part behind, called the " ramus," which ascends at nearly a right 
angle. At the top of each ramus we observe the "condyle" or 
articular surface, the " coronoid" process for the insertion of the 
powerful temporal muscle, and the "sigmoid notch." Let us 
examine what is to be seen, first, oh the convex surface of the 
" body ;" secondly, on the concave surface ; and, lastly, on each 
surface of the ramus. 

Body. The convex part of the body presents, exactly in 

the centre, a slight ridge, termed the " symphysis." 
This is the strongest part of the bone, and indicates where the two 
halves of the bone grew together.* Observe that its direction is 
vertical : this is one of the characteristics of man ; he alone has a 
chin. The "symphysis" terminates, below, in a triangular " meutal 
process," which is more or less marked in diflFerent individuals. 
On each side of the symphysis is a slight depression, termed the 
" mental fossa," which gives origin to the "levator menti" muscle. 
More externally, and generally in a line with the first prae-molar 
tooth, is the "foramen mentale,"t which transmits the "mental 
branch" of the dental nerve and artery. From the lower part of 
the symphysis we trace the beginning of the "external oblique 



* In scrponts the lateral halyes of the jaws, apper and lower, are not ontted bj 
bone, but held together by an elastic ligament, which permits the two halves of the 
jaws to be separated from each other sideways, to a considerable extent. This is one 
of the many provisions by which a boa is enabled to swallow its prey, though larger 
than its own body. 

t The position of the ** foramen mentale** is by no means constant 

H 3 
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line" or ridge, which curves bnckwarda towards the root of, the 
coronoid process. This line gives origin to the " depressor labii 
inferioris " and "depressor anguli oris" rauflcles. A little below 
both these, is the insertion of the " Platysma-myoides " of the neck. 
Along the alveolar border near the molar teeth is one origin of the 
" buccinator." 

On the concave or hinder surface of the body (fig. 2), we observe, 
at the symphysis, four small tubercles, i. e. two on each side, one 
above the other; the upper one gives origin to the "genio-byo- 
glossuB," the lower, to the "genio-hyoideua" muscle.* Beneath 
these, there is a well-marked depression on each side, for the in- 
sertion of the " digastricus." On this surface, also, we see another 
oblique line, beginning faintly near the symphysis, and becoming 
gradually more prominent aa it ascends, backwards below the last 
raolar tooth. It is called the " mylo-byoid ridge," because it gives 
origin to the "mylo-hyoideus" muscle. Beyond this, it gives origin 
to part of the "superior constrictor" of the pharynx. Below this 
ridge is a slight depression, indicating the place where the siib- 
maslUary salivary gland lies. Above the ridge is the place for the 
sublingual gland ; but this is not well marked. 

Tlie oblique lines or ridges alluded to on the two surfaces of the 
body, denote something more than mere muscular impressions. 
They indicate the limit between the " alveolar " part which contains 
the teeth, and the lower or " basilar " part of the j.iw. We make 
these distinctions because these parts come and go at different 
periods of our existence. In infancy we have only the alveolar 
part; towards puberty the basilar part slowly grows to perfection; 
in old age again when the teeth fall out, and their sockets are 
absorbed, the basilar part alone remains, and the chin gradually 
approximates the nose. The absorption of the sockets (alveoli) 
which is natural in old persons, becomes disease when it happens 
in middle life, and produces premature age in the jaws. This ab- 
sorption is apt to arise irom long salivation, scurvy, or purpura; 
frequently it is hereditary. 
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Tcctb in 
lower jaw. 



Tlie teeth in the lower jaw correspond in 
number (16) with those in the upper, but differ 
from them in one or two particulars:^!. The lower molars 
have only two faugs, an anterior and ponterior, while the upper 
molars have three ; 2. When the nioutb ia closed the teeth of the 
lower jaw shut behind those of the upper jaw which forms a larger 
arch ; 3. The external tubercles or cusps of the teeth of the lower 
jaw fit into the hollows between the externa! and internal cusps of 
the teeth of the upper jaw ; by which arrangement we are enabled 
to use the entire surface of the opposing teeth in grinding the food. 
When the jaws are closed, each tooth in one jaw is opposed by two 
in the opposite jaw ; one good result of this is, that when we lose a 
tooth, the corresponding tooth in the other jaw being still more or 
less opposed, is still of service in mastication. 

Kan""- The ramus of the jaw mounts up from the body 

nearly at a right angle. Hence we speak of the 
"angle" of the jaw. Excluding its outstanding processes, the 
ramus is nearly square. Nearly the whole of its outer surface 
gives insertion to the powerful " masseter " muscle, which doses 
the jaw (fig. 1). On its inner surface (fig. 2) we observe the 
" dental foramen," or the orifice of the canal for the transmisaion 
of the inferior dental nerve and artery. The inner margin of the 
orifice is raised into a short "spine" for the attachment of the 
internal lateral ligament of the jaw. Leading down from the 
orifice is the "mylo-hyoid groove," which contains the small 
nerve of the same name. Below the groove ia the rough sur- 
face for the insertion of the " pterygoideus intemus" muscle. 
Observe that strong muscles are inserted into the aTigle of the 
jaw both on the outer and on the inner surface ; and that for this 
reason fractures through this part of the bone sometimes escape 
detection. 

Condyle. Th^ "condyle" projects from the upper and 

back part of the ramus in order to form the joint 

of the jaw, and it fits into the glenoid cavity of the temporal Iwne. 

It is oblong in form, with the long axis directed horizontally 

inwards and slightly backwards, so that, if prolonged, the axis of 
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the two condyles would meet near the front of the " foramen 
m^num." The condyle is supported on a contracted part termed 
the "neck" of the jaw. ThU neck is flattened in the same 
direction as the condyle, and is slightly excavated in front for the 
ineertion of the " pterygoidens extemuB " muscle. 

Why are the condyles of the jaw placed obltqiiely ? The answer 
is, in order to facilitate the oblique rotatory movements necessary 
for the mastication of our food. In masticating, we can readily 
feel thiit one condyle ailvances towards the anterior margin of 
the glenoid cavity, while the other recedes towards the posterior 
margin. 

The joint of the lower jaw in man, is a much ^^^ ^^ 

more heautiful mechanism tha,n it appears at 
first sight : but in order to appreciate it we must 
look a little at the fonn of the joint in animals. 
In all animals the joint of t!ic lower jaw varies 
according to the structure of their teeth and the t,^^^^^^ 
food tliey eat. There are tliree principal types 
of this joint: — the carnivorous, the ruminant, and the rodent 
The camivormia type is a simple transverse hinge: Ym is. 
this form is well seen in the bailger, in which animal 
the condyle of the jaw is mechanically locked in its 
socket. It is shown in fig. 14, where G represents 
the shape of the glenoid cavity, and C the shape 
of the condyle which fits into it. The rumhiant C ^^ 
type presents a socket iind a condyle nearly flat so ' 

as to admit of the lateral movement necessary for grinding the 
food. This form is seen in fig. 15, which is taken 
from the sheep. In the rodeiU type there is a longi- 
tudinal groove in the temporal bone in which the 
condyle plays from before backwards like a plane. 
Fig. 16 shows the corresponding surfaces of the 
glenoid cavity (G), and the condyle (C) in the capy- g-\ 
bara, ft I 

Now the joint of the lower jaw in man partakes, " 
more or less, of the nature of these three types : that is to i 
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we can move our jaw in the vertical direction, from side to side, 
and from before backwards. The teeth of man are likewise inter- 
mediate in structure between those of carnivorous and those of 
ruminant animals. Man, therefore, is omnivorous. 

The "coronoid" process is a triangular, lofty plate of bone, 
which ascends beneath the zygomatic arch in order to increase the 
leverage of the temporal muscle which closes the jaw. Observe 
that the insertion of this muscle occupies only the inner surface 
and front border of the process ; the outer surface of the process 
is occupied by the masseter. Bespecting the " sigmoid notch " 
there is nothing to be said, except that it transmits the " mas- 
seteric " nerve and artery. 

The walls of the lower jaw, particularly at the basilar part, are 
exceedingly compact and tough. In operations for removal of 
parts of the bone, it is necessary to use the saw freely, before the 
bone forceps can be of any service. The interior assumes the form 
of " diploe," and is traversed by the " inferior dental canal," which 
carries the vessels and nerves to the teeth. We have seen that 
the canal begins on the inner side of the ramus ; if it be traced 
out by cutting away the inner wall, we shall find that it curves 
forwards, beneath the sockets of the teeth, and, towards the front, 
divides into two, of which one ends at the " foramen mentale," the 
other, much diminished in size, nms on through the diploe nearly 
to the symphysis, in order to convey vessels and nerves to the 
canine and incisor teeth. 

The lower jaw has two centres of ossification, one for each lateral 
half. Their junction at the symphysis takes place about the close 
of the first year after birth. In the lower animals the s}Tnphysial 
suture remains throughout life. 
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The examination of the skull as a whole is easy and intelligible, 
provided the individual bones have been carefully studied. 
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Course of ihe First of all we must learn the course of the 
ButureH. autures. This is of practical momeot, — 1, liecause 

it enables us to say with preciaion in what direction the bead of the 
child is presenting during labour; 2, because in injuries of the 
skuU we must not commit the error of mistaking a suture for a 
fracture;' 3, because it is desirable not to trephine in the course 
of the sutures. 

The " coronal suture " (Plate XX. n.) (ironto-parietal) connects 
the frontal with the parietal bones. It extends transversely across 
the top of the skuU, from the great wing of the sphenoid on one 
side to the other. Concerning the construction of this suture we 
have to remember, that in the middle the frontal overlaps the 
parietal boneSj whereas at the sides the parietala overlap the 
frontal: a provision which manifestly tends to lock the bones 
together. 

The "sagittal suture" (inter-parietal) connects the two parietal 
bones. It nms directly backwards, in the middle line, from the 
Irontal to the occipital bone. 

The " frontal suture " is formed by the union of the two halves 
of the frontal bone. It runs down the middle of the forehead, 
from the sagittal suture to the root of the nose. It always exists 
in infancy and childhood, but is generally obbterated in the adult. 

The "lambdoid suture" (Greek letter A) (occipito-parietal) 
unites the two parietals to the occipital bone. 

The " occipito-mastoid suture,"t apparently a continuation of the 



* Skilful 03 he va», nipjracralea ancc misMok a nntarBl satore of the Eknil far a 
fraclure, and was nftcnrariia so ingenuous its to leave his mislske on record. On 
thii, Celsos observes: "A eatiiris se ilcccpCum cbso HippoeraLos memoruB prodidit, 
more scilicet magnoniTn Tirorom, ct fiduclam magnanim reriiia habeatinm. Nun 
Icvia ingenia, <[nia nihil habent, nihil BJbi detrahunt : msgno ingcnio, mnltaque nihilo- 
minfts habitaro, conTcnit etiam simplex vcn emiria confeuioi pnecipufqae in to 
miniitcrio qnod utililalis caoai poilunB Iradiiar, no qui dedpiantor eadem ralione, 
qa& qnia ante decepcus eat." (liber riii. cap. iv.) 

f The old aautomisCa call thia the " sdcIiCanicntUDi snlnnG Inmbdoidalis." This 
old name, as well as others mentioned in (ho Icxl. e. g. "Coronal," " Sagittal," and 
•* Lambdoid," are graduallj falling into disuse, and ei'i''DE P'*"^" to more appro- 
priftle terms, derived from the bones coanecled, as, " inicr-parietal," "fronlo- 
jiarictal," &«. 
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lambdoid, connecte the occipital with the mastoid portion of the 
temporal bone. 

The mastoid part of the temporal is connected to the posterior 
inferior angle of the parietal bone by the " masto-parietal suture." 

The squamous part of the temporal ia comiected to the parietal 
bone by the "squamous suture" (squamo-parietal) ; and to the 
great wing of the sphenoid by the " squamo-sphenoidal " suture. 
Concerning these connections, we must observe the great extent to 
which the squamous bone overlaps the parietal ; an ailaptation 
which mainly strengthens the arch of the skull at the sides, and 
prevents the lateral expansion of the buttresses. 

Wormian bonM. In the mastoid suture more frequently than in 
any other, we meet with what are termed " Wor- 
mian* bones," or "ossa triquetra." They are like little islands of 
bone developed from distinct centres, in the membrane which con- 
nects the cranial bones. They viuy in number and wze. In the 
museum of the College of Surgeons there is the hydrocephalic 
skidl of an adult (from the collection of the late Mr. Liston), in 
which there are upwards of one hundred of these little bones. 

Of the sutures which connect the hones of the cranium with the 
face, there is one which deserves notice, as being very comprehen- 
sive. It is called the "transverse frontal suture." It extends 
from the external angular process of the frontal hone, from one 
side to the other, across both orbits and the root of the nose 
(Plate XIII.). It connects the frontal with the malar, sphenoid, 
ethmoid, lachrymal, superior maxillary, and nasal bones. Other 
short sutures, such as the "spheno-malar," " spheno-parietal," 
" zygomatic," &c. speak for themselves. 

We said that a knowledge of the sutures concerns midwifery. 
It enables us to say which way the head of the child is presenting. 
If we feel the meeting of the three sutures at the top of the 
occipital bone, we know the back of the head presents ; if, on the 
other band, we feel the " anterior fontanelle," or lozenge-sbapei) 



• So calleil after OUtu Wormins, a physician of Copenlmgen, to whom the first 
description of these " compleincnlarjr " bonea. has been aseiguod, — bat erroueODalj : 
Ihej were knowD lo EuGtachiaa and Poracelnu. 
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space where four sutures meet, we know it is a forehead preseat^ A 
tiou. 

THE axrLL-CAP. 

Outer Burfnce. The skull-cap is composed of the expanded arches 

of three of the cranial vertebne, and forms a 
beautiful oval dome for the protection of the brain. We all know 
the outward form of the head and that the greatest breadth of it is 
about the parietal protuberances. In a well formed European 
head, if we look at the dome of the skull-cap from above, (the 
beginning of the sagittal suture being in the centre of the per- 
spective plane) we see scarcely anything but the smooth expanded 
vault of the cranium. But in the Negro and the Australian, the 
narrowness of the temples allows the zygomata to come into view, 
and in the most " prognathous " examples, the incisor teeth appear 
in front of the frontal sinuses. On the outer surface of the skiUl-cap 
there are a multitude of minute foramina, which transmit blood- 
vessels from the pericranium into the substance of the bone. Hence, 
if this membrane be torn off during life, the bone bleeds through 
minute pores. We observe on each side of the sagittal suture the 
" foramen parietole," which transmits a vein from the outside into 
the great longitudinal sinus : sometimes a small artery runs with 
it, and communicates with a branch of the middle meningeaL 
Along the side of the skull-cap we observe the curved line called 
the temporal ridge (Plate XIV.). It indicates the attachment of 
the temporal aponeurosia, and runs along the side of the frontal and 
parietal bones. The ridge circumscribes the "temporal fossa" 
which is formed by the frontal, parietal, temporal, sphenoid, 
and malar bones. The fossa gives origin to the temporal muscle, 
of which the tendinous rays, converging beneath the zygoma, are 
inserted into the coronoid process of the lower jaw. The size of 
the temporal fossa in all animals depends upon the size of the 
temporal muscle. Hence it is largest in the camivora. In these 
animals the fossa occupies the whole side and upper part of 
the skull, and is increased in extent by bony ridges growing from 
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the frontal, parietal, and occipital bones; bo that tbeir enormoiw 
temporal muscle almost completety covers the cranium. 

loner lorface. Oa the inner surface of the skull-cap we ohserve 

— 1, the groove in the middle line, which gradually 
becomes broader as we trace it backwards, for the great longitu- 
dinal sinus ; 2, on either side of this, especially in old skulls, there 
are a number of irregular excavations, occasioned by the "so- 
called " glands of Pacchioni ; " 3, grooves for the ramifications of 
the "arteria meningea media." The main groove, at first perhaps 
a complete canal, is seen at the aDterior-inferior angle of the parietal 
bone ; from thence we trace its wide-spreading branches over the 
frontal and parietal bones: one of very considerable size oflen 
traverses the posterior-inferior angle of the parietaL The surpcal 
interest attached to these groups is — 1, that we ought not tt:" apply 
a trephine in the course of them ; 2, that, in fractures of the skull, 
the arteries running in them are liable to be injured, and thus 
occasion an efiiision of blood between the bone and the dura 
mater, producing compression of the brain. 

Ttiicinesfl of The skull-cap differs in thickness in different 

(he skuUop. p^j^ -jTjjg jg ^gjiy ascertained by holding it to 

the light. As a general rule, it is thicker in parts which are 
most exposed to injury, — as at the frontal, parietal, and occipital 
eminences, also along the course of the longitudinal sinus. If one, 
were asked, what is about the ordinary thickness of an adult skull, 
one would say, about one-fifth of an inch. But then it would be 
right to add, that it varies very much at different periods of life. 
In the anatomical museum at Pavia there is the skull-cap of a 
child, in which a hole was picked by the beak of an angry cock. 
■WTioeVer is in the habit of making post-mortem examinations will 
soon observe how much skulls vary in thickness, even in persons of 
the same age, and this without any obvious reason to account for 
it. Generally speaking, any cause which produces a chronic con- 
gestion of the vessels of the head, — such as habits of intempenmce, 
— will increase the thickness of the skull. For the same reason 
constant exposure to the action of the sun will thicken and 

' TbcBo arc not tme glands, but fleahj cicrcsccnccs Ihim lIic earfacu of the dura 
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indurate the skull-cap. The pathology of "Herodotus"' is vety 
sound when he says that " the Egyptians have thick skulls because 
they expose their shorn heads to the heat of the sun ; whereas the 
Persians have thin and soft skulls, because they cover them with 
turbans from infancy," A severe blow may thicken the skull." Mr. 
Quekett has in his possession part of a skull-cap nearly an inch in 
thickness. It belonged to a gentleman who received a blow on 
his head some years before his death. He recovered perfectly, to 
all appearance, from the effects of the injury. By and by, 
however, his head began to grow larger; — hut this, strange to say, 
was first discovered by his hatter, who found it necessary from time 
to time to give him a larger hat. 

In very old persons, the skiill-cap, owing to the absorption of 
the diploe, becomes in some parts not thicker than a shilling. Not 
only the skull, but all the hones become much lighter in old age. 
Soemmerring says the skull of a centenarian is two-fifths lighter 
than in middle age. There may be some truth in the mediaeval 
saying that " old witches do not sink in water." 

The inner surface of the skull-cap is marked by the cerebral 
convolutions, so that it takes a pretty accurate impression of the 
brain. But it cannot be said with truth that a particular impres- 
sion on the inner surface has a corresponding bimip outside. A 
glance at any skull-cap is siifScient to prove this. The depressions 
occasioned by the convolutions take place at the e^enae of the 
diploe ; and even the external bumps are often caused by a mere 
thickening of the outer table. On the other hand it holds good, 
as a general rule, that the external form and dimensions of the 
cranium may be taken as a general expression of the correspond- 
ing lobe of the brain, whether in the frontal, the parietal, or 
the occipital region. The general characters of the br^a, then, 
may be ascertained by external examination, but not the individual 
detalL 

Void* of i1m The diploe of the skull-cap is traversed by nu- 

diplM. merous venous canals. These, as shown in the 

adjoining cut (fig. 17), are of considerable size, and are best dis- 
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played by filin g off the outer table. Their coarse is by no means bo 
regular as they are commonly drawn ; but, in a general way, we may 
speak of the frontal, _. 

temporal, and occipital 
" diploic " veins. The 
two former discbarge 
their blood into the veins 
on the outside of the 
cranium ; the latter ge- 
nerally opens into the 
lateral sinus. Alter in- 
juries of the head, these 
veins are liable to in- 
flammatioD, and thus 
give rise to pus in the 
diploe, accompanied with all the disastrous effects of phlebitis. 
This suppuration in the diploe, explains the hitherto inexplicable 
occurrence of visceral abscesses, especially hepatic after injuries of 
the head, — a circumstance which had not escaped the notice cif 
the old surgeons. 
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BASS OF THE SKULL iS SEES mOU WITHIN. 



By referring to Plate XVTI, it will be observed that the base of 
the skull presents on each dde three fossro, — an anterior, middle, 
and posterior, — respectively corresponding to the anterior and 
middle lobes of the cerebrum, and to the cerebellum. These several 
fossoi are marked by the cerebral convolutions, just as much as the 
skull-cap; but phrenologists take no notice of these convolutions, 
and have omitted to assign any office to them. All their ''organs" 
are placed at the top and sides of the brain ; — why are there none 
at the base ? 
Anterior fossa The anterior fossa of the cranium is formed by 

of the craninm. the orbital plate of the frontal and the lesser wing 
of the sphenoid. Between the orbital plates we observe the cribri- 
form plate of the ethmoid, which supports the olfactory lobes. The 
points to be noticed in this fossa are as follow : — 1. The " foramen 
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Cfecura," which, if pervious, generally transmita a vein from the 
uose into the longitudinal dnus: 2. The groove for the " anterior 
meningeal artery," one of the secondary branchee of the ophthalmic : 

3. The " crista galli," which gives attachment to the fatx cerehri : 

4. The slit for the "nasal nerve," a branch of the first division of 
the fifth nerve: 5. The "olfactory canals," which give passage to 
the filaments of the olfactory ganglion : 6. The " foramen opticum," 
which transmita the optic nerve and ophthalmic artery: 7. The 
"olivary process," which siipports the commissure of the optic 
nerves : 8. The " anterior clinoid process," which gives attachment 
to the tentorium cerebelli. 

MiiidiB fossa The middle fossa of the cranium supports the 

of Che cranium, middle cerebral lobe, and is formed by the great 
wing of the sphenoid, the squamous and petrous portions of the 
temporal bone. The points to be noticed in this fossa are as 
follow : — " The sphenoidal fissure " between the wings of the sphe- 
noid leads to the orbit, and transmits the 3rd, the 4th, the first 
diviifion of the 5th, and the 6th nerves, also some filaments of the 
sympathetic and the ophthalmic vein. The " foramen rotundum " 
gives passage to the superior maxillaiy, or second division of the 
5tli nerve. The "foramen ovale" gives passage to the inferior 
maxillary or third divisou of the 5th nerve, and also to the arteria 
meningea parva. The " foramen spinosum " gives passage to tlie 
arteria meningea media and its two veins ; — the main trunk of this 
artery grooves the squamous part of the temporal and the anterior- 
inferior angle of the parietal hone. The " foramen lacerura 
medium " is blocked up, in the recent state, by fibro-cartilage : 
through ihis cartilage the Vidian nerve enters the skull. The 
internal carotid artery also passes through it. At the apex of the 
petrous portion of the temporal bone is the termination of the 
" carotid canal " through which the carotid artery enters the skull : 
the artery then winds along the groove on the side of the body of 
the sphenoid. In the centre of tN3 sphenoid is the " pituitary 
fossa," for the reception of the pituitary gland. The "posterior 
clinoid process" gives attachment to the "tentorium* cerebelli," a 
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process of the dura mater which supports the posterior lobes of 
the brain. 
Posterior fotM The posterior fossa is the largest and deepest of 
of the CnnianL h^q three cranial fossae^ and is formed by the occi- 
pital bone^ the petrous and mastoid parts of the temporal bone. It 
supports the cerebellum. Proceeding from before backwards, we 
observe, in the middle line, the " basilar groove," which supports 
the medulla oblongata and the pons. On each side of this is the 
groove for the "inferior petrosal sinus.** Along the top of the 
petrous bone is the groove for the " superior petrosal sinus." Both 
these sinuses terminate in the great lateral sinus, which is seen 
grooving, successively, the occipital, posterior-inferior angle of the 
parietal, mastoidpart of the temporal, and, last of all, the jugular 
process of the occipital bone. Behind the basilar process is the 
" foramen magnum," which transmits the spinal cord and its mem- 
branes, the vertebral arteries, and the spinal accessory nerves. On 
each side of the foramen magnum are the "condyloid foramina," of 
which the " anterior " transmits the hypoglossal or 9th nerve (motor 
nerve of the tongue) ; the " posterior," a vein from the outside of 
the skull into the lateral sinus. The "mastoid foramen" also 
transmits a vein from without into the lateral sinus. At th^ back 
part of the petrous bone there is the " meatus auditorius intemus," 
which transmits the 7th pair of nerves and the auditory artery. 
The " aqueductus vestibuli " transmits, if any thing, a small vein 
from the vestibule of the ear. Lastly, the "foramen lacerum 
posterius " transmits the blood from the lateral sinus into the inter- 
nal jugular vein, and also the three divisions of the 8th nerve. 
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BASE OF THE SKULL AS SEEN FROM BELOW. 
(Plates XVin. XLS.) 

The base of the skull compriBes sucli a wide area, that it is de- 
orable to draw certain limitary lines. If, then, a line be drawn 
from the firat incisor tooth on each side, backwards to the mastoid 
process, and another transversely, from one mastoid process to the 
other, we shall describe a triangle within which are contained all 
the parts usually spoken of as at the base of the skull. 

Falaie. Commencing at the front, we observe the arch 

of the " bard palate," formed by the superior max- 
illary and palate boties: its "middle" and "transverse" sutures 
cross each other at right angles. A pin introduced at the point of 
crossing would touch five bonea, the 5th being the vomer. Gene- 
rally speaking, when the palate presents a fine arch, free from 
contraction in any directioa, the voice is clear and sonorous. The 
best singers have always well-formed palates. Observe how rugged 
ite surface is for the lodgment of the palatine glands, and how it is 
riddled with minute holes for the passage of blood vessels. Behind 
the incisor teeth la the "anterior palatine canal." This is a single 
orilice below, but double above, so as to open separately into each 
nostril. It transmits the anterior palatine vessels and nerves. 
Near the last molar tooth is the " posterior palatine canal," formed 
conjointly by the palate and superior maxillary bones : and from 
this we trace forwards the "palatine groove" for the lodgment of 
the posterior palatine vessels and nerves. Lastly, there is the 
"ridge" on the palate-bone for the attachment of the "tensor 
palati," and the "posterior nasal spine," to which is attached the 
"azygoa uvula)" muscle. 

PMteriot opeiuDgs Behind the palate we observe the "posterior 
''^"***- openings of the nasal fossse," separated by the 

sharp edge of the vomer. Each opening is somewhat oval, about 
one inch in the long diameter and half an inch in the transverse. 
We should remember this in plu^ng the nostril. It is bounded, 
above, by the body of the aphenoid and the sphenoidal process 
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of the palate bi^e ; below bj the borizontal plate of the palate; 
outside by the internal pterygoid plate of the sphenoid ; and 
inside, by the vomer. On the roof of each we notice the ex- 
panded " wings" of the vomer, which receive between them the 
" roatmm" of the sphenoid ; and also the " pterygo-palatine canaL" 
Thia, as its name implies, is formed conjointly by the " pterygoid 
plat« of the sphenoid and the sphenoidal process of the palatine 
bone, and tranamits nothing of importance beyond a branch of the 
internal maxillary artery to the top of the pharynx. 
Pietygoid region. On each side of the nasal openings are the 
"pterygoid processes" of the sphenoid. These 
pterygoid processes answer three purposes: — 1. They bound the 
posterior openings of the nose. 2, They act as buttresses to sup- 
port the upper jaw-bonee behind. 3. ITiey serve for the origin of 
the powerful pterygoid muscles which grind the food. From the 
pterygoid fossa, or, more strictly, from the hiiier surface of the 
external pterygoid plate, arises the " pterygoideus intemus ;" while 
the outer surface of the same plate gives origin to the " pterygoi- 
deus extemus." At the base of the internal plate is the scaphoid 
fossa, for the origin of the " tensor palati ; " and at the apex is the 
beautiful pulley, termed the " hamular process," round which the 
tendon of this muscle turns: Besides thia, the hamular process 
gives origin to part of the " superior constrictor" of the pharynx. 
Immediately above the " scaphoid fossa," we notice the posterior 
orifice of the Viiiian canal. 

Proceeding backwards from the base of the pterj-goid processes, 
we come next upon the great foramina at the base of the skull, 
most of which we have already seen in the examination of the base 
from within. In the great wing of the sphenoid there ts the 
" foramen ovale;" behind this ia the "foramen spinoaum;" and 
still farther back ia the apes of the wing, termed the " spinous 
process," which is wedged between the squamous and petrous bones, 
andgivesattachment to the internal lateral ligament of the lower jaw 
From the spinous process we trace outwards the " glenoid fissure," 
which runs across the glenoid cavity of the temporal bone. Between 
the sphenoid and petrous bones ia the canal for the " Eustachian 
tube," which is completed in the recent state by fibro-cartilage. 
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Petrous region. Tbe petrou3 portion of the temporal bone U 
wedged iii lietween the sphenoid and the basilar 
procesB of the occipitaL Observe that the apes of the wedge ia 
cut short, so that an irregular opening remains between the three 
bones, termed the " foramen lacernm medium." Remember that 
in the perfect ekull this space is filled with cartilage, which serves 
the important purpose of breaking shocks transmitted to the base, 
and remember too that through this cartilage pa«8 the internal 
carotid artery and the Vidian nerve. The apex of the petrous bone 
gives origin to the " tensor tympana" and " levator palati" mus- 
cles. In the middle of the petrous bone is the wide orifice of the 
carotid canal which transmits the carotid artery. Trace this canal, 
and you will find that it does not enter the skull direct, but ascends 
for a short distance, and then runs horizontally forwards and inwards 
through the petrous bone, till it opens at the apejc into the foramen 
lacerum. Thus the carotid artery has to make two curves, like the 
letter S, before it enters the skull, — the first curve in the bony canal, 
and the second through the cartili^e which fills np the foramen 
lacerum. This disposition of the great arteries at the base is intended 
to check the impetuosity of the blood on its passive to the brain. 

Behind the carotid canal is the " foramen lacerum posterius," 
or " foramen jugulare," another irregular opening left between the 
petrous and occipital bonea The size and shape of it is subject to 
great variety*; but it ia, generally, divided by a projecting tongue 
of bone into an anterior part, which transmits the 8th pair of 
nerves, and a posterior, which is by far the larger, for the passage 
of the blood from the lateral sinus into the commencement of the 
internal jugidar vein. 

Outside the foramen lacerum posterius is the "styloid process," 
projecting, more or less, beyond the " vaginal process" at its root. 
Behind this, ia the " stylo-raa-stoid foramen," through which the 
facial nerve emerges ; and still farther back is the mastoid process 
and the digastric groove for tlie origin of the digastric muscle. 

BasiUr process. Lastly, we have to notice how the basilar process 
of the occipital bone projects into the base of the 



• FioiD aa QXtunination of man; skulb, I find thai tbo riglit jagalor foramen !■ 
lai^ur Ihaa ttic lefl in point of frcqnenrj ns 2 : 1. 
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skull, so as to be joined to the body of the sphenoid. Here it 
forms the roof of the pharynx. This relation is of practical 
importance. It is well to know that the basilar process is within 
reach of the finger introduced into the mouth, and that we can 
explore it satisfactorily, so as to determine how &x a polypus may 
be connected with it. It affords insertion to the " rectus capitus 
anticus major" and "minor," and (by means of a little tubercle) 
to the " superior constrictor" of the pharynx. Behind the basilar 
process is the " foramen magnum." On each side of this are the 
** condyles " of the occiput, with the " anterior " and " posterior 
condyloid " foramina ; and on the outside of each condyle is the 
jugular eminence, which gives insertion to the *^ rectus capitis 
lateralis." 

Position of the In a well-formed European skull, the plane of 
occipital foramen, the occipital foramen is horizontal, and its anterior 
extremity is about half way between the tuberosity of the occipital 
bone and ttie incisors of the upper jaw. This central position of 
the occipital foramen and the condyles is one of the great pecu- 
liarities of man, who is destined to stand erect. His head, there- 
fore, is almost equally balanced on the top of the spine. In 
monkeys, who hold a middle rank between man and quadrupeds, 
the foramen magnum is placed farther back : in the orang outan, 
it is about twice as far from the foramina incisiva as from the back 
of the head. Consequently, although monkeys can stand erect for 
a time, they cannot do so long. In quadrupeds, again, the foramen 
magnimi is still nearer to the back of the head, and its plane forms 
a considerable angle with the horizon. The weight of the head in 
quadrupeds is sustained not by the spine, but by an elastic ligament 
of great strength (ligamentum nuchae), which arises from the lofty 
spines of the dorsal vertebrae, and is fixed to the middle of the 
occiput. This ligament, as we may imagine, is immensely strong 
in the elephant. A beautiful example, this, of nature's economy. 
She accomplishes, by a lowly organised structure, an object which 
must otherwise have been gained by powerful muscles well supplied 
with blood and nerves. In other words, she does by mechanical 
force, what must otherwise have been done by vital force^. 
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TEMPOBAL AND ZYOOMATIC AND BPHEKO-MA XTLI.ABT VOSSM. 

The temporal fossa, of which the description has already been 
given (page 106), leads into the zygomatic fossa, the boundary 
between them being a crest of the sphenoid bone. 

The "zygomatic fossa" is bounded externally by the zygomatic 
arch, which not only serves as a strong buttress to support the 
bones of the face, but also to give origin to the powerful " maeseter " 
muscle which closes the jaw.* In froqt of the fossa there is the 
back part of the superior masilla; and, at the bottom of it, the 
outer pterygoid plate of the sphenoid, which gives origin to the 
external pterygoid muscle. At the deepest part of the fossa we 
observe two wide fissures: one, nearly horizontal, leads into the 
orbit, and is called the " epheno-maxillary fissure;" the other, 

Sphcno-maiil. nearly vertical, leads to the " spheno-maxillary 
lary fossa. foasa." Now this fossa deserves particular notice, 

not from any surgical importance, but because there are five 
openings into it (Plate XX.). Observe, first, its boundaries. In 
front it is bounded by the back of the superior maxilla, behind 
by a smooth surface at the base of the pterygoid process, and it 
is separated from the nasal foasse by the perpendicular plate of 
the palate bone. 

The five openings into the spheno-maxillaiy fossa are as follow : — 
Firs Ofbhibgh ibto SFaESO-SUxuxAitr Yoesk. 

1. Spben[>-pnUtine forunen 
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• The ijgomatic arcb, ia all animals, bears a direct proportion to the siio of tho 
muiclce of the jaw and tbe character of the teeth. It is moM strongly marked in the 
la tbcra it is arched both in the horizontal and the vertical direction, to 
ire room for the temporal muscle, and more power to the massetet In the 
r, which has no teerb, there is no zygoma. 
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THE ORBITS. 

The orbita, or sockets for tbe eyea, may be compared to ciypts 
excavated beneath the cranium (Plate \X. a). To use the words 
of Sir Charles Bell, " these under arches are groined ; " that is to 
Bay, they are provided with strong ribs of bone, so that there is no 
need of thick bone in tbe interstices of the groinings. The plate 
between the eye and the brain is aa thin as parchment : but look 
how strong is the arch forming the orbital margin, and what a 
strong ridge of bone runa up from tbe zygoma, like a buttress to 
support the side of the arch. When tbe eye is retracted in ita 
socket, the margin of the orbit is more than strong enoi^h to 
protect it from the effect* of violence. 

Each orbit is of a pyramidal form, with the apex behind. Their 
axes are not parallel, but, if prolonged, would pass through the 
optic foramina, and meet l>ehind the pituitary fossa of the sphenoid. 
e gives us a greater range of vision. 

Tpper Will of The upper wall of the orbit is slightly arched, 
and formed by the frontal bone and lesser wing of 
the sphenoid bone." On this wall we have to obBerve — 1, the 
optic foramen j 2, tbe fossa beneath the external angular process 
for the lachrymal gland ; 3, the little depression for tbe pulley of 
the "superior oblique" muscle; 4, the supra-orbital foramen or 
notch, situated at the junction of the inner with the middle third 
of the orbital margin. 

Lower wbU of The lower wall of the orbit slopes downwards and 
**'"*" outwards, and is formed by the orbital plate of tbe 

superior maxilla, by part of the malar bone, and behind by the 
orbital plate of the palate bone. On this wall there is nothing to 
observe, except the groove for the infra-orbital nerve. 

Inner wall of The Inner wall (Plate XX.) is formed by the 
nasal process of the superior maxilla, by the lachry- 

• The orbital platea of the frontal bone are more or leai arthcd in differenl sfcall: 
Of conno the more ihej are arched, the more tbcj encroach on ibe cranial space, and' 
the ivaa room Uierc is for the anterior lobes of the brain. Compare the stall of a 
monker with that of man in this reapect, nad ^on will obeerrs a marked diffcruncc. 
Fhrenologista place (he organ of Ungaage in that part of the braia which testa on the 
cnbitBl plates ; and the gift of Inngiiiigi>9. they eaj, is denoted bj piomlnent ejea. 
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mal, the os plaDum of the ethmoid, and part of the body of the 
sphenoid bone. Here we have to observe the groove for the nasal 
duct, or canal, formed conjointly by the nasal process of the 
superior maxilla, the lachrymal, and the inferior spongy bone. It« 
direction is downwards, backwards, and a little outwards, and it 
leads into the inferior meatus of the nose. Besides this, there is 
the " foramen orbitale anteriiis" and " poaterius." 

Outer wall of The outer wall of the orbit is formed by the 
"''*''■ malar bone and the orbital plate of the great wing 

of the sphenoid. Here we notice one or two small foramina (malar 
canals), which transmit small nerves from the orbit to the cheek 
and temple. Observe that the outer wall of the orbit recedes more 
than the other parts of its circumference, in order to give a greater 
range of vision externally. This range is of such an extent that by 
simply rotating the bead on each Bide of the spine, we can see all 
around. 

Thus, seven bones enter into the composition of each orbit: 
namely — the frontal, ethmoid, and sphenoid, the superior maxilla, 
the malar, the lachrymal, and the palate : but there are only 
eleven bones in the two orbit^i, since three bones are common to 
both orbits. 

Sphenoyal md At the back of the orbit we find two wide fissures 
ipheno-niaxilUry f^^ the purpose of admitting blood-vessels and 
nerves. The upper one is the " sphenoidal fissure," 
formed between the grea,ter and lesser wings of the sphenoid bone, 
it leads into the cranium, and transmits the third, fourth, ophthal- 
mic branch of the fifth, and the sixth nerve, some filaments of the 
qmapathetic nerve, and the ophthalmic vein. The lower one, 
termed the " spheno-maxillary fissure," leads into the zygomatic 
fossa; The borders of this fissure are formed, on one side by the 
superior maxillary and palate bones, and on the other, by the 
sphenoid. Often, it is completed in front by the malar. Through 
thia fissure the infra-orbital artery, and the superior maxillary 
nerve, enter the groove along the floor of the orbit. There are 
some points of practical interest concerning these two fissures. 

1. Concerning the Bpheno-maxillary fissure we should re- 
member that in blows on the temple, blood is apt to make its way 
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through the fissure into the orbit, and produce ecchymoeis under 
the conjunctiva. 2. In the openitioD for the removal of Uia 
superior maxillaiy bone, we saw through the orbital wall into the 
fissure, BO that it is requisite to know its precise position. Con- 
cerning the sphenoidal fiaeure, we should know ; — 1, that in fracture 
through the base of the skull involving this fissure, the efiiised 
blood is likely to make its way into the orbit and produce ecchy- 
mosis of the conjunctiva, which is therefore always an unfavour- 
able symptom. 2. Tliat a sharp instrument might penetrate 
through this fissure into the brain. Surgery has such cases on 
record. Here is one. Henry II. of France, one of the last princes 
of the House of Valois, was mortally wounded (in a tournament 
held in 1559, on the occasion of the marriage of Philip IL with 
EUzabeth of France) by Montgomery, Captain of the bo<iy guard. 
A splinter from a lance entered through the sphenoidal fissure, 
' stuck fast, and could not be extracted. The king died on the 
eleventh day. 



NASAL POSS^ 
(Plate SV.l 



These cavities open widely to the wr in firont through the 
nostrils, and behind into the top of the pharynx. To see them 

properly, it is indispensable to have a skull divided longitudirially 
on one side of the septum, so that we can examine the roof, the 
floor, the outer and inner surfaces of the cavities. 

BonnilHries of The " roof of the nasal fossffi is formed by the 
nual fouie. aasoX bones, by the naaal spine of the frontal, the 

cribriform plate of the ethmoid, and the body of the sphenoid. Ob- 
serve that it does not form a horizontal line from before backwards. 
It ia only the cribriform plate which is horizontal ; from this, 
the roof slopes forwards towards the nose, and backwards towards 
the pharynx : therefore the vertical <lepth is much greater in the 
middle than elsewhere. Notice the great thinness of the cribriform 
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plate, and how easily an instrument might be thrust through this 
part of the roof into the brain, Herodotus', in his excellent de- 
scription of the process of embalming the dead, bs practised by the ] 
ancient Egyptians, mentions that tbey drew out the brain through 
L the nostrils with an iron hook, and filled up the vacuum by in- 

I jecting drugs, 

W The " floor" is pretty nearly horizontal, and ia formed by the 

palate plate of the superior maxillary and the palate bone. In the 
dry bones we notice, on each side of the septum, the orifice of 
the "anterior palatine canal." 

Mkatub of the The outer wall of the nasal fossffi is made irre- 
""•^ gular by the passages in the nose, and the numerous 

I openings leading to the air cells, which are excavated in the neigh- 

bouring bones. It is formed by the ethmoid, the three spougy 
bones, the nasal, the superior maxillary, the lachrymal, the palate, 
and the internal pterygoid plate of the sphenoid : in fact, by all the 
bones of the face except the malar and the lower jaw. Here we 
have to observe the position of the spongy bones and the three 
"meatus" or passages of the nosef (Plate XV. a). The superior 
spongy bone is the smallest of the three. Beneath it lies the 
Superior meatna. " superior meatus," into which open the posterior 
ethmoidal cells and the sphenoidal celt. At the 
back part of this meatus is the spheno-palatine foramen, which 
leads into the spheno-maxUlary fossa. 

' Hiddle mcaNu. Below the middle spongy bone, you observe the 

"middle meatus." Into this open — 1, towards the 

front, the frontal sinus (or cell), along a passage termed the " i/n- 

fwndibulwm;" 2, the anterior ethmoidal cells (distinct from the | 

I posterior); 3, the antrum or maxillary sinus. The orifice of the 

antrum, observe, is large and irregular in the dry bones; but in the 

I recent state it is so narrowed by mucous membrane that it will just 

I admit a crow-quilL 

Inferior mcatiu. Below the inferior spongy bone is the " inferior | 

meatus." No air-cells open into this meatus : there 

• Euterpe, chap. 86, B7, 88. 

f In Bomo negro skulls there are fonr "mentaa;" the founti being above tha 
Npcrior $pangj bone. ^^^^1 

1 I 
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is only the termination of the nasal duct or channel which conveys 
the tears into the nose: this cannot be seen without removing part 
of the spongy boue. 

I To facilitate reference, we subjoin, in a tabular form, the respec- 
Te openings into the several " meatus " of the nose — 



The saperiar meatas 



{Tbc sphenoidal c«Ut. 
The poitcrior ethmoidal relli. 
{The anlerioT cthmoidid cclU. 
The froncal cells. 
The aDtnun maxHlK, 
receirea The nasal dnci. 



Concerning the spongy bones, it should be noticed that the two 
upper (belonging to the ethmoid) are delicately channelled for the 
lodgment of the olfactory nerves. The lower one has nothing to 
do with the sense of smell, and is coarser in its texture. It is 
traversed by several canals and grooves, which run from before 
backwards, and in the recent state contain large veins. It is the 
swelling of these veins which blocks up the passage through the 
nose in a case of common coid. The spoi^ bones do not extend 
all the way along the outer walL All the surface in front of a 
perpendicular line let fall from the frontal spine is smooth, as is 
also all the surface behind a perpendicular line from the spheno- 
palatine foramen. 

Bonj Beptom of The bony septum of the nose (Plate XV.) is 
iho nose. formed chiefly by the peqwndicular plat« of the 

ethmoid and the vomer. This septum is one of the principal sup- 
ports of the nasal arch ; a piece of architecture at once light and 
effective. Accurately speaking, however, we ought also to mention 
aa assisting in the formation of the septum, the nasal spine of 
the frontal, the crests of the nasal, superior maxillary, and palate 
bones; and also the rostrum or crest of the sphenoid: making ten 
bones in all. The triangular interval left in the septum in the dry 
skull is filled up in the perfect one by the middle cartilage of the 
nose, which fits into a fissurt? in the bone. 

The posterior openings of the nasal fossa? have been already 
described in the " base of the skull " (p. 1 14). It only remains to be 
said that the anterior aperture is heart-shaped, with the broad part 
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below. It ia liounded on either side by the nasal bone, and bj the 
nasal process of the superior maxilla : below it is bounded by the 
palatine process of this bone, which terminates in front by a sharp 
projection, termed the "anterior nasal spine." 




gesehal obsekvatioss on the e. 

The fiktill B lever The entire akidl represents a lever of the first 
of the firai order, order. Tlie fulcrum or point 
of support F (see the annexed cut) is, at the 
occipito-allantoid articulation ; the redstance 
is the weight of the hea<l W: the power P 
ia the mass of muscle attached to the' occiput. 
The lever is not exactly balanced on the top of the 
spine, but very nearly so : and we admire this as 
one of the many adaptations of the human ske- 
leton for the erect attitude. 

TlinjB taWea of The more one examines the sfeull, the more one 
theaknlL gggg peason to admire its construction as a case 

for the protection of the brain. Let ua briefly notice a few of 
the more striking points of it. Look at the structure of the 
cranial bones. They consist of three layers — an outer, an inner, 
and an intermediate " diploe." The outer is formed of compact 
and tough bone ; the inner is harder, but more brittle (hence called 
" tabula vitrea"); while the diploe is soft and spongy to prevent 
the transmission of shocks. Altogether, then, this structure may 
be coarsely compared to a e«se composed of wood outside, porce- 
lain inside, and soft leather between the two. 

The different structure of these three layers or "tabira" of the 
skull is interesting to us, practically, as surgeons. In blows on the 
head, the inner table, in consequence of its greater brittleness, is 
likely to be broken more extensively than the outer. Cases indeed 
have occurred, where the inner table has been broken without any 
injury to the outer. In sabre cuts penetrating the skull-cap as 
deep SB the inner table, Mr, Guthrie " says, that although the cut 
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through the outer table may be only a simple incision without any 
depression, yet the inner table will be broken almost always to a 
greater extent than the outer : indeed it may be separated from it, 
and driven into the membranes if not into the substance of the 
brain. Hence the necessity of examining these cases very care- 
fully, in order to ascertain if there be any parts of the inner table 
depressed, and to remove them. 

Consider that the bones are mechani- -, ,^ 

Fig. 12. 

cally locked together by the sutures ; and 
that in the recent state there is a thin 
layer of animal matter between their 
edges, to prevent jarring. The Eddystone 
Lighthouse is constructed on the same 
plan. Look at the vaulted form of the 
cranium, the very best adapted to resist 
compression. Whoever knows the strength 

of an egg-shell, can understand what hard blows the cranium will 
bear. Most of the bones mutually support each other, by having 
their edges beveled alternately on opposite sides, as for instance in 
the frontal suture; or by one overlapping the other, as in the 
squamous suture, where the temporal prevents the "starting 
of the parietal bone (See cut, fig. 12). The effect of this is, 
that no single bone can be taken out of the cranium without 
separating the whole fabric. When we wish to separate the bones, 
we do so, not by force from without, but by force from within the 
skull ; that is, by introducing peas, which, when moistened with 
water, swell, and, by pressing equally in all directions, disjoint 
the bones. 

Notice how the interior of the dome is strengthened by ribs or 
groins of bone, which nm in the line of the principal sinuses. 
One rib extends from the centre of the frontal bone to the foramen 
magnum, and spans the whole arch of the cranium. Another 
crosses transversely the back part of the occipital bone ; the point 
of intersection of these two ribs being at the occipital protuberance, 
which is therefore the thickest and strongest part of the skull, for 
this, if for no other reason, that when a man falls backwards, it is 
the part which first comes to the ground. 



126 



SKDU, AS A WHOLE. 



Butire^Ecs of Like aJl other arches, the cr&nium tran^imita 

tho Blcull. shocks towards its buttresses ; these are firmly 

wedged into the base, and all meet at the centre, that is, at the 
body of the sphenoid bone. Looking at the different regions, we 
find that the frontal part of the arch is supported by the wings of 
the sphenoid and the malar bones, the parietal part by the 
temporal bones, and the occipital part supports itself by nmning, 
wedge-like, into the base, and abutting on the sphenoid. A know- 
ledge of the buttresses which support the respective parts of the 
skull cap, affords an explanation of the direction which fractures 
generally take along the base of the skull, according as the injury 
has been received on the frontal, the parietal, or the occipital r^on 
of the cranium. 

B^clard, Velpeau, MalgMgne, and, generally, the older French 
school advocate the doctrine, that the cranium resists shocks after 
the manner of other spheres, namely, that a blow struck on one 
side is transmitted to the opposite one ; as when a glass tumbler, 
stnick smartly with the finger nail, cracks on the opposite side. 
This they call fracture by " cont re-coup," But the modern school 
demurs to this doctrine, and contends that the cranium resists 
shocks like all architectural arches ; and that vibrations, instead of 
going round to the base direct, are lost upon the supporting pillars. 
Now, what are these pillars ? The frontal pillars are the malar 
and sphenoid bones — the parietal pillars are the temporal bones 
— the occipital pillars are the riba of the occipital bone itself. 
When the head is struck, five times out of six the parietal region 
is the seat of injury. The bone breaks at the part struck, and the 
fracture runs on through the temporal, and most frequently through 
the tympanum, for the very good reason that the tympanum is the 
weakest part. Observe how many excavations there are in the 
bone which weaken it about this part: 1. there is the "meatus 
auditorius extemus"— 2, the cavity of the tympanum itself — 3. 
the jugular fossa — 4. the carotid canal — 5. the Eustachian tube. 
This account's for the frequency of hBemorrhage from the ear in 
cases of fracture of the base of the skull. 

Common observation shows that the shape and relative dimen- 
sions of the cranium vary not only in different races of men, but 
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also in individuals of the same race. EogUsh, French, and German 
anatomists have accurately measured the several dimensionB of the 
cranium ; but the fact that the statements differ, proves the influ- 
ence of nationality. The development of the frontal, parietal, and 
occipital regions may be taken as a general expression of the devel- 
opment of the corresponding lobes of the brain. Upon this is 
founded the study of Crauiology. The breadth and height of the 
frontal region is a measure of the d^ree of intelligence ; ihe 
breadth and height of the parietal region measures the develop- 
ment of the moral feelings ; and the breadth of the occipital region 
measures the animal propensities.* To measure the relative 
extent of these three regions, the meatus auditorius is taken as 
. a centre from which lines are drawn to the frontal, parietal, and 
occipital eminences, respectively, as shown in the adjoining cut. 

The best method of determining Fio- is. 

the proportions between the cranium 
and face in man, and the vertebrate 
an'inalH generally, is by taking what 
is called the "facial angle." Let a 
line (as shown in the cut) be drawn 
from the condyle of the occiput along 
the floor" of the nostrils, and be inter- 
sected by another line touching the ■ 
most prominent parts of the forehead ^"^'^ ^^' "'^ -^^1^ 

and upper jaw ; the intercepted angle gives, in a general way, the 
proportions of the cranial cavity, and the grade of intelligence. 
In the dog this ajigle is 20°; in the great chimpanzee it is 40°; in 
the Australian it is 85° ; in the European it ia 95.° The ancienta. 




• Craniology is nothing ni 



An Italian poet in the ago of Dnnle, n 
■■ Ncl Capo ion Ire celle. 
Et io iliro di qnclle, 
Davanti ^ lo inuUetla 
E Im fona d' aiiprendcrc) 
In mei:o £ la ragione 
E la discreiioue, 
Cbo scheme buono e male. 
Dirittrv i(a Kim. gloria 
La talento memoria," kf. &c 
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in their impersonation of the beautiful and intellectual, adopted an 
angle of 100°." 

BatireiKs of A few words about the architecture of the bones 

the upper jaw. of the face. There are two points to be noticed — 
lat, the great strength of the nasal arch (Plate XV. a) ; 2d, how 
immoveably the upper jaw is fixed by its three buttresses on each 
side, — namely, the nasal, the zygomatic, and the pterygoid. The 
•nasal buttresses rest against the internal angles of the frontal bone, 
and between thera is the heart-shaped opening of the nose. The 
zygomatic buttresses ore exceedingly strong : they are supported 
by the external angles of the frontal bone and the zygomatic pro- 
cesses of the temporal, and correspond to the molar teeth, which 
have to sustain the greatest pressure. The pterygoid buttresses 
descend perpendicularly from the base of the skull, and support the 
upper jaw behind. 



BONES OF THE UPPER EXTREMITY. 

The bones of the upper estrenoity contdst of the " clavicle," the 
" scapula," the " humerus," the two bones of the fore-arm, namely, 

the " radius " and the " ulna," the bones of the carpus, the meta- 
carpus, and the phalanges of the fingers. The length of the arm 
is always in exact proportion to the height of the individual. It 
is a curious fact that, if the arms are fully stretched in the same 
horizontaJ line, the space from the end of the middle finger of one 
hand to that of the other, is equal to the length of the body. 



* Proricp (CbarakWrigtik de» Eopfos, Berlin, 1845) giros tolilts showing the rela- 
tiTO >iM of the craninm and face id infar-cy, chiliUiood, and adull nge. They go lo 
prove that tho baae of the skull, and the face, as contrasted with the capacity of the 
craaiom, iDcreoK from infancj to old age. 



THE CLAVICLE. 
(Fl&ies SXL Md XXIt.) 



The clavicle, so name*! from ita resemblance to an ancient key, 
extends horizontally from the sternum to the scapula. Its chief 
use is to keep the shoulders apart, that the arm may enjoy a freer 
and wider range of motion. By moving the shoulder, you will find 
that the clavicle acts as a prop, the fixed end of the prop being at 
the sternal joint.* Hence in fractures of the clavicle, the shoulder 
generally drops forwards. The patient leans his head towards the 
injured arm so as to relax the muscles; and he supports the elbow 
with the Bound hand to take off the weight of the limb. Besides 
ita chief use, it serves secondary purposes, — such as affording attach- 
ment to many powerful muscles, and protection to the axillary 
vessels and nerves which pass imder it. 

The shape of the clavicle is like an italic S. It has two alternate 
curves, arranged so that, viewed from the front, the sternal half is 
convex, and the acromial half concave. The sternal curve is the 
larger of the two curves, obviously for the purpose of allowing plenty 
of room for the free passage of the great vessels and nerves of the 
arm. Another interesting point about the structure of the clavicle 
is, that the compact wall is much thicker on the concave side of each 
of ita curves than elsewhere. It is about the junction of the two 
curves that the bone is most frequently broken. These curves 
not only make the bone stronger than if it were straight, but better 
able to resist shocks ; since, by virtue of ita elasticity, the force is 
partially broken at each of the curves. All clavicles are not equally 

* All anim&U that ott Iheir fore limbs for other purposei betides rapport, — inch 
01 climbing, fljiag, burrowing, or bolding objccUi, — have claricles. Thow that u*e 
them for support oolf , haTC no clariclei. In most birds, the clavicles are anchjloaed ia 
front and form a single bone colled the " furculum." or mtrry-tbought, while the other 
endl of the fork articulate with the ecopuU and the conteoid bone The chief use of 
this elastic arch of bone ii to resist the action of the great pectoral muBclct, which 
tend to press the humeri inwards towards the mesial plane dnriDg the downward 
stroke of the wing. 
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curved : it is less curved in the female than in the male ; aod as a 
rule, its etrength and degree of curvature depend on the amount of 
manual labour performed by the individual. 

Sir Everard Home* states that French women have longer 
clavicles than English women, and then proceeds to say that on 
this account they carry themselves with more grace, the chest being 
more open. He measured the clavicles of some French women as 
they lay in bed iu Hospital one very hot day, and found them all 
six inches long or nearly so. The clavicles of our English women 
are not quite so long. 

Let us examine, first, the shaft, and afterwards the two ends of 
the clavicle. 

The shaft of the clavicle bears the impressions of the muscles 
attached to it. Holding the bone in position, and looking at its 
upper surface, we observe, on the sternal curve, the origins of the 
" pectoralia major " and " stemo-cleido mastoideus," and on the 
acromial curve, the origin of the " deltoides " and the insertion of 
the " trapezius." On its under surfatie we notice — 1, a longitudinal 
groove for the insertion of the "subclavius;" 2, a rough surface 
near the sternal end for the attachment of the costo-clavicular 
ligament ; 3, near the acromial end, a tubercle, and a ridge for the 
attachment of the " conoid and trapezoid " ligaments (coraco- 
clavicular) : the ridge is about one inch from the scapular end, — 
observe this, because fractures of the bone in this uituation are apt 
to escape notice, in consequence of the ligaments preventing the 
separation of the fractured ends ; 4, near the middle is a foramen 
for the nutrient artery of the interior. 

The sternal end of the clavicle is thick, strong, and expanded, 
80 as to fonn a base for the prop. It is oblong from before back- 
wards, and articulates, through the medium of an interarticular 
fibro-cartilftge, with the sternum. In the recent state, when crusted 
with cartilage, the articular surface is slightly convex from above 
downwards, and concave from before backwards; and, moreover, 
its circumference projects on all sides considerably beyond the 
articular surface of the sternum, in order to give more advan- 
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tageous attachment to the strong capsular ligaments whioh secure 
the joint. In consequence of this, dislocation is very rare, notwith- 
standing the small srize of the articular surface of the sternum. A 
fracture of the clavicle is ten to one more common than a disloca- 
tion of it. In hard working persons, the sternal end of the bone 
becomes enlarged, rough, and disfigured. 

The acromial end is broad and flattened, and presents an oblong 
surface, which look;^ forwards and slants a little, in order to articu- 
late with the inner border of the acromion. 

Like all the long bones, we find that its structure is spongy at 
the extremities, but compact in the middle of the shaft, where there 
is a small medullary cavity. 

The clavicle begins to ossify sooner than any other bone in the 
body, and has only one centre of ossification for the shaft. The 
sternal end has an epiphysis which makes its appearance from the 
eighteenth to the twentieth year, and subsequently coalesces with 
the shaft. 



THE SCAPUI,A. 
(PUwt XXL nnd XXII) 



The scapula, or shoulder-blade, when the arm hanga loosely by 
the dde, ought to e:£tend Arom the 1st to about the 7th rib, 
and the lower angle should be a little further from the spine than 
the upper. Its use is to afford a moveable fulcrum for the motions 
of the arm, as well as au extensive surface for the attachment of 
the muscles which effect the moveraeut It is a flat triangular 
bone, and so thin in places as to be transparent. We have to exa- 
mine its two sur&ces, its three borders and angles, and ita out- 
standing processes. 

The "outer surface" of the scapula (sometimes called "dorsum 
scapulffi") is slightly convex, and divided into two unequal parts by 
a very prominent ridge or plate of bone, termed the " spine." The 
part above the spine is called the supra-spinous fossa, and gives 
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origin to the " snpra-spinatuB " muscle; that below the spin 
called the infra-aptnouB fossa, and gives origin to the " infra-spiiiatui 
Near the axillary border there are distinct impreesioDB, indicating 
the origins of the " teres major " and " minor " muBcles. It is gene- 
rally marked by the impressions of the " arteria dorsaliB scapulEe." 

Spine of iLo The " spine " of the scapula commences at the 
MBpalH, posterior border of the bone by a emooth triangular 

surface over which the tendon of the trapezius plays. From this 
it soon rises into a high crest, which runs across towards the 
neck of the scapula, where it stands out from the rest of the lione, 
and, suddenly altering its direction at a right angle, which can be 
plainly felt in the living subject, projects forwards so as to form a 
lofty arch overhanging the " glenoid cavity." This arch ia termed 
the "acromion" (aiepos m/iot). Its obvious purpose ia to protect- 
the shoulder-joint, as well as to give greater leverage to the powerful 
" deltoides " which raises the arm, It ia not only a defence, but 
prevents luxation upwards ; without this the head of the humerus 
would not remain a moment in its socket. It is this process which 
gives breadth to the shoulder. On the inner border of the acro- 
mion is the surface which articulates with the clavicle. Observe 
that this surface slants from above downwards, so that the clavicle, 
once dislocated, is with difficulty kept in its place. The end of 
the acromion gives att-achment to the coraco-acromial ligament, 
which bridges over the gap left in the dry bone between it and the 
coracoid process, and thus completes tlie arch for the shoulder. 
Through this coraco-acromial ligament we plunge the point of the 
knife, in excising the head of the humerus, and thus reach the 
shoulder joint in a moment Reverting to the spine, we observe 
that it has thick rough borders for the insertion of the " trapezius" 
and the origin of the " deltoides." 

The "inner surface" of the scapula is concave, and called the 
"subscapular fossa." It gives origin to the " subscapularis," and 
preaenta three or four slanting ridges for the attachment of the ten- 
dinous septa by which this muscle is intersected. The hollows be- 
tween these ridges were mistaken, even by the great Vesalius, for the 
impressions of the ribs. On this surface also we observe the insertion 
of the " serratus m^nus " along the posterior border, hut chiefly 
at the rough surfaces on the superior and inferior angles. 
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Glenoid cavity. The "anterior angle" of the scapula is the 
strongest part of the bonet and here we fiud the 
" glenoid cavity " for the articulation of the head of the humerus. 
This cavity is very shallow, of au oval form, with the larger end 
downwards, and the long diameter vertical ; above all, observe that 
it looks directly outwards; and the reason of this is plain when we 
consider that it is intended to receive a bone which has such an 
estensive range of motion. Its margins are rather prominent and 
rough, for the attachment of a collar of fibro-cartilage, which 
slightly deepens the socket. From the upper part of the margin 
arises the " long head of the biceps." Just below the cavity is the 
origin of the long head of the triceps. Immediately behind the 
cavity is a slight constriction termed the " neck " of the scapula. 

When we speak of fracture of the neck of the scapula, we mean 
fracture behind the coracoid process. This kind of fracture is very 
rare. It happens to old persons from falling on the shoulder. The 
shock is received by the head of the huments, and is thence trans- 
mitted to the glenoid cavity. The chief symptom of such au acci- 
dent is slight lengthening of the arm and dropping of the shoulder. 
Whoever sees for the first time a fracture of the neck of the 
scapula, will probably mistake it for a dislocation of the head of the 
humerus into the axilla. There is in each case the same lengthen- 
ing of the arm, prominence of the acromion, and flatness of the 
deltoid ; in each case the head of the humerus can be felt in the 
axilla: but there is tkU important distinction, that in the case of 
fracture, the normal appearance of the joint can be restored by 
simply pushing upwards the arm at the elbow, by which means the 
head of the humerus, with the glenoid cavity, is at once raised to 
He proper position. 

Concoid pro- From the upper part of the neck of the scapula, 
**•*• stands off a remarkable projection termed the 

" coracoid* process," from its fancied resemblance to the beak of a 



* The coricoid process ia a remarkable bone in birdi. In tbcm it ii or great 
itrength and ■oHdlt}', and extends from tbe elemum to the junction of the acapnia and 
clavicle, where it helps lo fonn the glenoid cavitj. It lerrea aa a bntcresa to tapport 
the ahonlder during llic downward stroke of the wing. Being a iitrULral ttemail, it ii 
in all animnlB devdoped from a aeparole centre. 
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raven limpa^). Arising &om a rery broad base, it takes first a 
direction inwards, but soon corves forwards towards the acromion, 
like a half bent finger, and overhangs the glenoid cavity on the 
inner ride. Its apex is about one inch and a half from the point 
of the acromion, and on a lower plane. It is necessary to be 
familiar with the direction of these points of bone, and their accu- 
rate bearing to the glenoid cavity and to each other, since they 
serve as landmarks to assist ua in determining the nature of obscure 
injuries about the shoulder-joint. Into the front part of the cora- 
cotd process is inserted the tendon of the *' pectoralis minor," and 
from the *' apex" arises the common tendon of the " coraco-hrachi- 
alis," and the "short head of the biceps." At the upper part, of its 
root is a rough surface for the attachment of the " coraco-clavi- 
cular" ligaments, which bind down the clavicle; and the border 
next to the acromion gives attachment to the " coraco-acromial 
ligament," which extends across the interval between these points 
of bone, and completes the arch for the shoulder-joint. 

Bordcre. The " superior border " of the scapula presents, 

near the root of the coracoid process, a small notch, 
which, in the recent slate, is bridged over by a ligament. It gives 
passage to the supra-scapular nerve, and, sometimes, to tlie corre- 
sponding artery. Behind the notch is the origin of the "omo- 
hyoideus" muscle. The "posterior border" is always the longest 
in man, and is therefore called the base of the scapula: in the 
lower animals it is generally the shortest. It gives insertion to the 
" levator anguli scapulte," the " rhomboideus major " and " minor " 
muscles, and, as before mentioned, to the " serratus magnus." The 
"inferior or axillary border" is by far the thickest and strongest, 
in order to support the glenoid cavity. The deep groove along it 
gives origin to some of the fibres of the " subscapularls " muscle. 

CcniTM of Msi- The scapula has six centres of ossification. The 
ficwion. " primary " centre forms all parts of the bone, ex- 

cept the coracoid process, the acromion, the inferior angle, and the 
base; these are cartilaginous at birth. The centre of the coracoid 
process appears soon after birth, and about the 13th year unites to 
the rest of the bone. About puberty, the other secondary centres 
appear; namely, — two for the acromion (one near the summit. 
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the other near the base) : one for the inferior angle ; and^ lastly, 
one for the border of the base. In a practical point of view it is 
well to remember that the acromion is not invariably imited to the 
spine by bone. In some rare cases it remains permanently dis- 
tincty and is united to the spine only by ligament. 



THE HUMEBUS. 
(FUtes XXTTL and XXIV.) 

The humerus is the longest and strongest of the boneM)f the 
upper extremity. It is a lever of the third order, the fulcrum 
being at the shoulder joint, and the power at the insertions of the 
several muscles which move the bone. It articulates with the 
scapula above, and the radius and ulna below. Like all long bones, 
we divide it into a body or shaft, and articular ends. 

Head and nbck. At the upper end, we observe the smooth emi- 
nence termed the " head." It forms about ^ of, a 
sphere, and articulates with the glenoid cavity of the scapula. 
Observe that the head is much larger than the socket in which it 
plays. This disposition, together with the shallowness of the 
socket, explains the great range of motion which the joint enjoys. 
It is the freest of all the joints, and resembles what mechanics call 
a " universal " joint, for there is no part of the body which cannot 
be touched by the hand. The head springs from the shaft by a 
slightly constricted base, called the ** anaixym/iccd neck," to which 
the capsular ligament of the joint is attached. Although this is 
so short and thick as hardly to deserve the name of neck, yet it 
serves the very important purpose of removing the head a little 
away from the axis of the shaft. In consequence of this, the axis 
of the head and neck forms an acute angle with that of the shaft. 
Suppose the arm to hang quietly by the side, with the thumb in 
front, the precise direction of the axis of the head and neck of the 
humerus is upwards, inwards, and a little backwards from the shaft. 

K 4 
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The object of thia direction ia to facilitate rotation inwards, which 
ia the moat useful movement : and it is intereeting to remark, that 
this direction is reversed in the axis of the neck of the femur where 
the object is to facilitate rotation outwards. 

Raise the arm of the skeleton to a right angle, and you will 
obBerve that much of the lower part of the head of the humerus 
ia out of the socket. This is one of the reasons why the humerus 
is so liable to be dislocated into the axilla when the arm is ex- 
tended ; the head of the bone in this position being chiefly sup- 
ported by the fibrous capsule of the joint. When the arm is 
raised to a right angle, there is another point worthy of notice. 
It is this, that the humerus alone cannot be raised higher, for the 
simple reason that the articular surface of the head of the bone 
does not admit of elevation beyond a right angle. ^Tien we do 
nuse the arm beyond a right angle, the additional elevation is 
accomplished by the movement of the scapula upon the chest, an 
effect principally due to the action of the trapezius and serratus 
magnus muscles. 

Greuier snd At the root of the neck, or rather at the top of 

losser TUBKRoiitiEa the shaft, are two projections, termed the " tube- 
roaiticB," of which the use is to give greater leverage to the muscles 
which move the bone. They are sep&xated by a perpendicular 
groove which runs some way down the sliaft, and is called the 
"bicipital groove," because the tendon of the long head of the 
biceps plays in it. In the recent state this groove is bridged over 
by an aponeurosis, which makes it a complete canal. Of these 
tuberosities the " greater " is the more external; in a thin indi- 
vidual it can be plainly felt immediately below the acromion. It 
is useful to know this in determining the nature of injuries about 
the shoulder. It has three httle impressions indicating the inser- 
tions of the " supra-spinatus," " infra-spinatus," and " tereS minor " 
muscles. The " lesser tuberosity " is the more internal, and gives 
insertion to the subscapidaris. Lastly, the tuberosities ore supported 
by broad pedicles which run down the shaft, and form, respec- 
tively, the outer and inner margins of the bicipital groove. 

SaiST. We come next to the shaft. The first thing to 

be observed is, that the lower part of it is twisted 
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inwards, nearly as much as ^ of a circle; and that it 19 sligbtly 

curved forwards. The object of this is, to make the axis of motioa 

I at the elbow such, that the fore-arm may naturally bend towards 

I the front of the body. Immediately below the tuberosities is the 

L " Burffical neck " of the humerus ; 30 called, because, when we speak 

I of a fracttire of the neck, we refer to thia part of the bone, and not 

I to the " anatomical neck," of which a fracture is exceedingly rare. 

On the front of the shaft we notice the bicipital groove already 

alluded to, up which the long head of the biceps runs, in order to 

be attached to the top of the glenoid cavity, bo that it may act like 

a strap to keep down the head of the bone. Up this groove, too, 

a little artery (a branch nf the anterior circumflex), creeps to supply 

the joint Into the outer mai^in of the groove is inserted the 

tendon of the " pectoralis major -, ^ into the inner margin the tendon 

of the " teres major;" and into the bottom of it the t«ndon of the 

*' latissimus dorsL" These muscles play an important part in 

causing displacement in fracture when it occurs through the 

surgical neck. There may be a double displacement: i-e. the 

, tipper fragment is drawn outwardtt by the muscles inserted into the 

tubercles, and the lower fragment is drawn upwards and inwards 

by the muscles which go from the trunk to the arm. 

The middle of the shaft is marked by ridges and impressiona 
adapted for the convenient action of the muscles. About the 
middle of the outer aspect there is a rough impression (deltoid 
ridge) for the insertion of the " deltoid " which raises the arm. 
Near this, on the inner aspect, is a smooth surface for the insertion 
of the " coraco-brachialifl." Against this surface we compress the 
brachial artery in amputation of the fore-arm. Here also is gene- 
rally situated the foramen for the nutrient artery of the marrow, 
which runs from above downwards. Below the deltoid ridge the 
shaft begins to be twisted, and becomes gradually flattened and 
expanded to prepare for the formation of the articuJar end. It is 
just below the insertion of the deltoid that one most frequently 
meets with ununited fractures of the humerus, partly on account 
of the injury to the nutrient artery of the medulla, and partly on 
accoimt of the action of the deltoid in causing a riding of the 
upper fragment over the lower. 
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The lower half of the shaft presents, on each ade, a ridge called, 
respectively, the " internal " and " external condyloid ridges," 
because they lead to the "condyles" or points of bone which pro- 
ject on each aide of the elbow. The external ridge begins just 
behind the insertion of the deltoid, ie the more prominent of the 
two, and gives origin to the " supinator radii longus," and the 
"ext«naor carpi radialis longior." It is called the supmatw ridge, 
and its size throughout the vertebrate animals corresponds with the 
extent of the power of supination of the fore-arm. The internal 
ridge serves for the attachment of the " internal intermuscular 
septum." The front surface of this part of the shaft gives origin 
to the "hrachialis anticus," which begins by two little tongues, 
one on each side the insertion of the delf-oid. 

The back part of the shaft is occupied by the origins of the 
" second " and " third heads of the triceps," which are separated by 
a slanting groove for the passage of the musculo-spiral nerve and 
superior profunda artery. 

Lower end. The lower end of the humenis curves slightly 

forwards, and presents a pulley-like surface, beauti- 
fully adapted to suit the flexion and extension, as well as the 
rotatory movement of the fore-arm. On the outer side, we observe 
the " lesser head" (capitellum) which corresponds with the shallow 
cavity at the end of the radius. The chief point about this head 
is, that it projects directly forwards, so that when the fore-arm is 
bent there is a smooth surface ready for the radius to rotate on. 
On the inner aide is the " trochlea " or grooved pulley for the lUna. 
This admits of flexion and extension only. The direction of this 
pidley is oblique ; that is, it slants from behind forwards, and from 
without inwards, so that the fore-arm, in the act of bending, comes 
naturally in front of the chest. Above the trochlea tliere is a deep 
cavity in front (coronoid fossa) to receive the coronoid process of 
the ulna in flexion ; and a similar one behind (olecranon fossa), to 
receive the "olecranon" in extension of the fore-arm. Between 
these hollows the bone is thin enough to be transparent, as is well 
seen in the adjoining woodcut, fig. 14, which exhibits a section 
through the joint. In consequence of this thinning of the bone, a 
transverse tracturo through the humerus in this situation is not nn- 
common. From the displacement produced so close to the elbow 
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[oint this accident is veiy liable to be 
for a dislocation of the radiua 
ulna backwarde. The celebrated 

■encb surgeon, Dupiiytren, used to say 

that there was nothing more common 
than such a mistake." However, the 

flKaring of the condyles with respect to g^^^ „ .^ow Uu, trochl«i of 
the olecranon enables us in most ca^es to ihe hoioenu. 

determine the diagnosis. If the olecranon 

be higlier than the condyles, there ia dislocation of the fore-ana ; 
if not higher, it is a case of fracture. 

Respecting the condyles, we have to obeerre, that the mfet-nai 
projects hy far the most, since It gives origin to the powerful pro- 
,nator and flexors of the hand and fingers, namely, to the " pronator 
Tadii teres," "flexor carpi radialis," "palmaria longiis," "flexor 
digitorum suhlimis," and *' flexor carpi ulnariB." The internal 
lateral ligament of the elbow is also attached to it. The exlemat 
condyle gives origin, in front, to the common tendon of the extensor 
muscles ; namely, the " extensor carpi radialis brevior," *' extensor 
digitorum commimis," and " extensor minimi digiti " and " extensor 
carpi ulnarts : " behind, it gives origin to the " anconeus." Lastly, 
the external lateral ligament of the elbow is attached to it. 

Centree of oisifi- The humerus has seven centres of ossification. 
MUon, There is one for the shaft. About the second year 

after birth the centre for the head appears ; and about 
the third year, the centre of the tuberosities. About °'_ 
the end of the fifth year, the centres for the head and i 
tuberosities have coalesced, so as to form a large ' 
epiphysis on the top of the shaft. Ii 
remember that this epiphysis includes the tuberosities ' 
(as shown in the adjoining wood-cut, fig. 15). On the 
inner side, the line of junction runs close to the carti- 
lage on the head of the bone : therefore, in the event of 
aeparation, the shoulder joint would certainly be impli- 
cated. The epiphysis does not unite with the shaft till EpiphfBii of 

the 2 1st year; so that up to that age it is liable to he '^'' ^^ °' 
, . , 'be biinienil. 

.separated from the shaft by violence, as we often see in 
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practice. About the begmning of the third year ossification of the 
lower end commences by h fourth centre in the lesaer head. About 
the fifth year, a fifth centre appears in the interna! condyle. About 
the twelfth year, a sixth centre appears in the great sweep of the 
trochlea; and, lastly, about the fourteenth year, the seventh centre 
appears in the external condyle. At the close of the sixteenth year 
the lower end has completely ossified, and then unites to the shafL 
A separation of the lower epiphysis of the humerus is by no means 
an infrequent accident in children. The lower fragment is carried 
backwards with the bones of the fore-arm, so ae to cause considerable 
displacement. 

It is interesting to remark, that the epiphysis of the upper end, 
though it is the first to ossify, yet remains separate firom the shaft 
about three or four years longer than that of the lower end. This 
is in accordance with the rule, that, of the two epiphyses of a long 
bone, that towards which tbe nutrient artery of the marrow runs is 
always the first to unite with the shaft. Remember that the 
nutrient arteries of the marrow of the bones of the upper extremity 
run towards the elbow. In the bones of the lower extremity, they 
run from the knee. 



THE RADIUS, 



(PkWa XXV. and XXVL) 



The radius is the external of the two bones of the fore-arm, and 
is so called from its resemblance to the spoke of a wheel. In 
learning this bone, keep in mind that both its ends are constructed 
HO as to rotate upon the ulna, and admit of the pronation and supi- 
nation of the hand. The lower end of the radius is much larger 
than the upper, because it is the chief support of the band: and 
since the radius receives all shocks from the hand, it is more 
liable to be broken than the ulna. 
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Like the humerus, the radius and ulna are 

1 1}oth levers of the third order, as seen in the cut, 

. fig. 16. The fulcrum F is at the elbow joint — 
the weight W is the fore-arm — the power P is 
the insertion of the biceps. The biceps will act 
to the greatest advantage when the arm is bent 
to a right angle, because the power acts at e 
right angle to the lever. 

Hkad, neck, and The upper end of the radius is called the " head :" 
inbercie. jj (j^ j^ g^allow circular cup, which articulates 

(when the fore-arm is bent) with the lesser head of the humenis. 
■Observe that the head has a smooth circular border, which is 
adapted to rotate in the lesser sigmoid cavity of the ulna. This 

1 rotation of the radius can be distuictly felt below the external 
condyle of the humerus in a natural depression of the skin which 
exists during life : we mention this because it is of use in deter- 
mining the existence of fracture. Below the head is the constricted 
part termed the " neck ; " and below this is the " tubercle " which 
gives insertion to the tendon of the " biceps." Notice that this 

L -tubercle projects on the inner side of the bone, so that the biceps 

I <an aupinate, as well as bend the fore-arm. 

gauT, Respecting the "shaft," we observe that its 

outer side is thick and rounded ; and that from 
this side, its front and hind surfaces 
gradually converge to a sharp edge, 
which faces the ulna (aa seen in the ^ 
annexed cut, fig. 17), and gives attach- 
ment to the interosseous ligament 
between the bones. The shaft is 
slightly arched outwards, and for two reasons — 1, because it in- 
creases the breadth of the fore-arm ; 2, because it gives more power 
to the " pronator teres." The bones are furthest apaxti when the 
hand is placed vertically: hence, fractures of the fore-arm are 
put up with the hand vertical, that there may be less risk of the 
opposite bones uniting. 

On the front surface of the shaft there is a blunt ridge leading 

I from the tubercle obliquely towards the outer side of the bone. 
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It gives origin to part of the " flexor sublimis digitorum," Above 
this ridge is the extensive insertion of the " supinator brevia," and 
below it ifl a slightly excavated surface for the " flexor longus pol- 
iicis." Below this is the iuaertion of the *' pronator quadratus." 
On the outer and back part of the middle of the shaft is a rough 
surface for the insertion of the "pronator teres," Obsen'e that 
this insertion in into the back part of the shaft, in order that the 
muscle may act as a pronator. In amputation of the fore-arm, it 
is desirable to saw through the bones below the insertion of this 
muscle, that the stump may have the beneiit of a pronator. 

The posterior surface of the abaft is marked by the origin of the 
extensor muscles of the thumb; namely, the " extensor ossis meta- 
earpi pollicis," and the " extensor primi infernodii poUiois." 
Loww encL The lower qpd of the radius has a surface slightly 

cupped transversely, as well as from before back- 
wards, in order to articulate with the "scaphoid" and "lunar" 
bones of the carpus. In the recent state, if not in the dry bone, 
this surface is divided by a slight ridge: the part for the "scaphoid" 
is triangular, while that for the " lunar " bone is square. On it« 
inner side is the concave articular surface, which rotates upon the 
lower end of the ulna. On its outer side ia the conical projection, 
termed the " styloid " process, of which the apex gives attachment 
to the external lateral ligament of the wrist ; while the base gives 
insertion to the tendon of the "supinator radii longus." In front, 
the lower end has a rough and elevated margin for the attachment 
of the powerful anterior ligament of the carpus: and behind there 
are four grooves for the passage of the extensors of the wrist and 
fingers (Plate XXIX.), Beginning from the outer side, we observe, 
1, a groo^'e for the "extensor ossis metacarpi pollicis," and the 
" estenstir primi intemodii pollicis;" 2, a groove for the "extensor 
carpi radialis longior" ct "brevior;" 3, a very distinct and slant- 
ing groove for the " extensor secundi intemodii pollicis ; " 4, a 
groove for the " extensor indicis " and the " extensor communis 
digitorum," In the recent state these grooves are made complete 
canals by the " posterior annular ligament." 

It is necessary to know that the lower end of the radius is com- 
posed of cancellous tissue protected by only a thin layer of compact 




Styluid pmcwii 



TCatwr*!^*' 



Pltucnr carpi uloixris 
EiteuBor cavjji Dinar 1 




Styloid pvt««6. 




THE ULNA« 143 

bone, as shown in the adjoining cut, fig. 18. In falls, pio. is. 

therefore, upon the palm of the hand, the lower end 

of this bone, which receives the full force of the shock, 

is very liable to be broken transversely about half of 

an inch or one inch above the wrist joint. This 

fracture of the lower end of the radius is commonly 

called CoUes's fracture, after the Irish Surgeon who 

first accurately described it The lower fragment 

with the hand is thrown backwards so as to make an Section Ummgh 

unnatural swelling on the back of the fore-arm : the JjJ* ^**JISiM to 

upper frtLsment protrudes on the palmar aspect of diowthe thinness 

^^ ^ ^ ^ ^ . of its compact 

fore-arm just above the wrist. Now a fracture with wall, 
such displacement is liable to be mistaken for a dislocation of the 
wrist. How are we to determine between the two injuries? We 
must feel for the styloid process of the radius. If the styloid 
process be in the same line with the shaft of the radius, the injury 
is probably a dislocation of the wrist backwards : if it be not in the 
same line, then the injury is probably a fracture of the lower end 
of the radius, which, by the way, is by far the most frequent acci- 
dent of the two. 

The radius has three centres of ossification ; one for the shaft, 
and one for each end. The upper end begins to ossify at the age 
of nine, and is united at twelve. The lower end begins about the 
second year, and is not imited till the age of eighteen or twenty. 
This is in accordance with the general law, that epiphyses unite 
with the shafts in the inverse order of their ossification. 



THE ULNA. 
(Plates XXV. and XXVI) 

The ulna, so called because it forms the elbow (eoXfvij), is the 
inner of the two bones of the fore-arm. 
Upper Ein>. Its upper end presents a deep semicircular cavity, 

with a smootii ridge at the bottom, which accu- 
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rately fits od the trochlea of the humerus, and forms a perfect 
hinge-joint admitting of flexion and ex- 
tension only. {See cut, fig. 19.) This is 
called the " greater sigmoid " cavity, in 
contradistinction to a smaller one, termed 
the " lesser sigmoid," which is placed on its 
p outer side, and forms a socket for the head 
3 of the radius to rotate in. In front of the 
greater sigmoid cavity is a rough projection, 
termed the "coronoid process" (xopiotn], the 
top of a curve), which gives insertion to the " bracbialis anticus " (a 
flexor of the fore-arm) and origin, to the second head of the " pronator 
teres," and the second head of the " flexOr sublimis digitorum." 
Besides this, it limits the flexion of the fore-arra ; for when the 
arm is bent to an angle of about 40°, the point of the procesd 
strikes against the fossa at the lower part of the humerus. In 
dislocation backwards the coronoid process is very liable to be 
broken: this complication makes reduction more easy, but subse- 
quent retention of the bones in their proper place more difficult. 
Violent action of the brachialis anticus is capable of breaking oflT 
the coronoid process: but this is a very rare case. Mr. Liston 
mentions an instance which happened to a boy about 8 years old, 
in consequence of hanging with one hand from the top of a high 
wall. When it ia broken, the coronoid process unites by ligament, 
owing to the action of the bracbialis anticua. 

OlEcranon. Behind the sigmoid cavity is the "olecranon 

process" (aiKiyrjf elbow, and xparsv, head). This serves 
many purposes. It gives advantageous leverage to the " triceps " 
muscle, which ia inserted into it and extends the fore-arm. It forms 
a convenient knob of bone for the protection of the joint when we 
lean on the elbow, and it limits the extension of the fore-arm. 
The surgical interest about it is, that it is sometimes broken by a 
fall upon the elbow; and the fracture generally takes place just at 
the alight constriction where the olecranon joins the shaft : so that 
the joint is involved in the mischief. Fractures of the olecranon, 
like those of the patella and coronoid process, imite, generally, by 
ligament, because it is eo difficult to keep the fragments in appo- 
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sition. But if the tendious expansion from the triceps be not 
torn, then the unioQ may take place by bona 

In almost all injuries about the elbow-joint, however much the 
parte may be swollen, one can always feel the olecranon and the 
internal condyle of the humerus. In determining, therefore, the 
nature of ohacure injuries about the elbow-joint, it ia a usefiil 
practical nxle to know that, when the arm is extended, the tip of 
the olecranon and the Internal condyle are about one inch apart 
and in the same transverse line. ^Vben the arm is bent to a right 
angle, the olecranon ia 1} inch from the condyle and below it. 
By this test we can distinguish between dislocation of the ulna 
backwards and Iracture through the lower end of the humeruin. 
Shift. The shaft of the ulna is triangular, and tapera 

gradually from the upper towards the lower end, 
where it terminates in the little head round which the radius rolls. 
A transverse section, as seen in the 
accompanying cut, fig. 20, shows the 
shape of the radius and ulna about 
the middle. We observe that their 
sharp edges are turned towards each 
otiier, and that to these is attached 
the interosseous membrane which con- 
nects the bones. Together, they form a ahalloff concavity both 
above and below, convenient for the lodgment of the musclea of 
the fore-arm. 

The greater part of the front as well as of the inner surface of 
the shaft is occupied by the origin of the " flexor profundus 
di^torum." On the front, too, we see the canal for the nutrient 
artery of the medidia. It runs towards the elbow like that in the 
radius. Lower down is the origin of the " pronator quadratus." 
The back part of the shaft is marked by ridges and surfaces for the 
muscles, as follows: — Near the elbow ia the triangular surface for 
the insertion of the "anconeus:" next comes the ridge for the 
origin of the "supinator radii brevis:" observe that this muscle 
also arises from the depression just below the lesser sigmoid cavity. 
Below the supinator brevis arise in succession part of the " extensor 



4 



146 THE ULNA. 

06313 metacarpi pollicis," of the " extensor primi " and " secimdi 
internodii pollicis," and also tLe " indicator." 

Of the three etiges of the shaft, the internal gives attachment 
to the interosseous membrane ; tlie anterior is covered by the 
origin of the "flexor profundus digitonim;" the posterior gives 
origin to a strong aponeurosis, which not only covers the muscles 
on the imier eide of the fore-arm, but also affords additional 
surface for the origin of the " flexor carpi ulnaris," the " flexor 
digitorum profundus," and the " extensor carpi ulnaria." The 
posterior edge (or ridge of the ulna, as it is generally called,) 
deserves the more notice-, because it is subcutaneous, and can be 
traced all the way down ; so that, iu a doubtful fractiure, this is the 
proper place to feel for it. Before reaching the elbow the ridge 
bifurcates, and encloses a triangular space, which is also subcu- 
taneous : here wo feel for fractures of the olecranon. 

LowBs mo. The lower end of the ulna is termed its " head." 

It forms a fulcrum upon which the radius rolls. 
For this purpose it has, on one side, a convex surface, forming 
rather more than half a circle, round which the radius, and with it 
the band, can rotate to the same extent. It has also another 
articular surface, which looks towards the wrist-joint, and corre- 
sponds with the interarticular fibro-cartilage interposed between it 
and the cuneiform bone of the wrist. Observe that the ulna does 
not reach down qiute so low as the radius, and that this fibro- 
cartih^e partly fills up the intervah The reason why the ulna 
does not descend so low as the radius is, to allow more extenaise 
horizontal movement of the wrist towards the ulnar side of the 
fore-arm. 

The styloid process projects from the lower end of the bcmk part 
of the ulna, that it may not interfere with the rotation of the 
radius, and gives attachment to the internal lateral ligament of 
the wrist. Between the process and the head there is a groove on 
the posterior aspect of the bone for the passage of the tendon of 
the " extensor carpi ulnaria " (Plate XXIX.) ; and inferiorly, the 
process is separated from the heatl by a depression for the attach- 
ment of the triangular fibro-cartilage of the wrist. 

The styloid processes of the radius and ulna can be readily felt 
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beneath the skin, &aA are important guides in the determination of 
injuries of the wrist, whether fracture of the radius or dislocation. 
The position of the styloid processes with r^ard to the axis of 
motion at the wrist will settle the question. 

Tlie ulna has three centres of ossitication, — one for the shaft 
and coronoid process, one for tlie lower end, and a third for the 
olecranon. The lower end begins to ossify about the sixth year, 
and unites to the shaft about the age of twenty. The top of the 
olecranon remains cartilc^nous until the age of eight, about which 
time it h^ns to os^dfy : it coalesces with the base about the age of 
puberty. 



BONES OF THE HAND. 
(PlolM XXVIL XXVm and XXIX.) 

The skeleton of the hand consists of twenty-seven bones. The 
first eight are the little hones of the carpus ; the five succeeding 
bones constitute the metacarpus: these support the bones of the 
fingers. Eiwh finger has three bones, termed, in order from the 
wrist, the first, second, and third or ungual phalanx. The thiimb 
has only two phalanges, — namely, the first, and the third or 
ungual. 



THE CABPUa 
(Plato XXDC) 



The carpiis consistB of e^ht little bones, arranged transversely in 
two rows of four each, so as to form a broad base for the support of 
the hand. It is sometimes asked, why are there so many bones in 
the wrist ? The answer is, in order that there may he so many 
joints : for the structure of a joint not only permits motion, but 
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confers eiasticity. Remember that each articular surface is crusted 
with cartil^e to present jarring. Suppose there had been a single 
bone instead of the eight carpal bones, how much more liable it 
would have been to fracture and dislocation. As it is, dislocation 
of one or more bonea of the carpal range ia a rare occurrence ; but 
it does happen sometimes. Sir C. Bell tella wa that " the boy that 
played the dragon in the pantomime at Covent Garden, fell upon 
his hands, owing to the breaking of the wire that suspended him, 
and he suffered dLsIocation of some of the carpal bones in both 
hands." The bonea of the cajpus are named aa follow, beginning 
from the radial aide : — 

Fmai Kow, . "Bcapboidw," "luaare," " cnneifonno," " pisiformo." 
8Booin> Row. " TrapeiinM," " trapewides," " oa mBgnnm," "ondforme." 

A separate description of each of these bones would be exceed- 
ingly tedious, and ia not necessary. We hope to bring out a better 
idea of their general plan and arrangement by examining them 
collectively. 

Cabpai. uca. Aa a whole, the outline of the carpus is oblong, 
with the broad diameter in the transverse direction. 
Its bones are wedged together so as to form an arch with the con- 
cavity towards the palm, beautifully adapted for the passage of the 
flexor tendons of the fingers. Fig. 3 in Plate XLVIII. shows that 
the piers of the arch are formed on one side by projections from 
the scaphoid and trapezium ; on the other, by the pisiform and 
imcifonn bones. The arch is converted into a complete tunnel by 
the anterior annular ligament. 

RiDio-oABPAL Excluding the pisiform, which ia only an oul^ 
•"o""- standing sesamoid bone, we observe that the other 

three bones of the first row form a convex articular surface, which 
corresponds with the lower end of the bones of the fore-arm. This 
joint is formed ao as to a*lmit not only of the movement of flexion 
and extension, but also of the horizontal movement of the wrist. 
We observe also that the articular surface of the carpal bonea is 
prolonged much further down their dorsal than their palmar aspect : 
hence the free movement of extension at the wrist. Looking at 
the articular surfaces of the individual bones, we observe that those 
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of the scaphoid and lunar correspond with the radiufl; while that 
of the cuneiform, which is by far the least extensive of the three, 
corresponds with the ulna, not immetliaUiy, but by means of the 
triangular fibro-cartilage attached to the lower end of the ulna. 

iRTSE-cLspu. The bones of the first row articulate with each 
joiitT, other by plane surfaces crusted with cartili^e, but 

they are so firmly connected hy ligaments that there is very little 
movement between them. Collectively, however, they form, with 
the bones of the second row, an important moveable joint, which 
we call the " intercarpal." It is pery different in form from the 
first joint of the wrist, since its outline is alternately convei and 
concave. Now the advantage obtained by this second joint is, that 
we get a greater range of flexion and extension at the wrist. If 
there had been only a single joint for this amount of motion, it 
would have been comparatively insecure, and very liable to disloca- 
tion, whereas dislocation of the wrist, as it is, happens very rarely 
indeed. By reference to Plate XXIX. it will be seen that the 
lower part of the scaphoid has a convex surface, which corresponds 
vnth the trapezium and trapezoid, and likewise a concave one, 
which, with a concavity in the lunar and cuneiform bones, forma a 
deep socket to receive the head of the os magnum and the unci- 
form. We observe, also, that the scaphoid articulates with fire 
bones inclusive of radius ; the lunar with five inclusive of radius ; 
and the cuneiform with four inclusive of ulna. 

With respect to the bonea of the second row, we have to observe 
that the trapeziiun and trapezoid form a shallow socket for the 
scaphoid, while the os magnum and unciform form a convexity, 
which fits into a deep socket in the three bones of the first row. 
Below, they support the metacarpal bones, as follow: — The trape- 
zium supports the metacarpal bone of the thumb by a concavo- 
convex, or saddle-shaped surface ; the trapezoid supports that of the 
fore-finger J the os magnum that of the middle finger; and the 
imciform those of the ring and little fingers. But this is not aU. 
Observe that the trapezium supports, also, part of the second meta- 
carpal bone ; and the os magnum, also, part of the second and the 
fourth. The consequence is, that the metacarpal bones present 
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i of mobility, — that of the thumb being the most 



different degree 
moveable. 

Like the bones of the first row, those of the second articulate 
with each other by plane surfaces firmly connected by ligaments. 
In all, then, the trapezium articulates with four bones ; the trape- 
zoid with four ; the os magnum with seven ; the unciform with five. 

How to cliario- Thus far we have examined the bones of the 

gnishtheindividuol parpus collectively ;—how are we to distiuguiah 
bonca of the carpus. 

them individuaUj ? Whoever rememliers what has 

been already said, will not have much difficulty in recc^ising the 
separate bones ; but it requires some practice before one can 
pronounce to which hand a given bone belongs. 
Scaphoid bone. The "scaphoid " bone may be told by its boat- 
ahaped socket (whence its name <rxafii), by its 
long narrow groove on the dorsal aspect between its two convex sur- 
&ces, and by its tubercle for the attachment of the anterior 
annular ligament. 

Hold the bone horizontally, with the largest convex surface look- 
ing upwards, and the groove towards yourself: the tubercle will 
point to which hand the bone belongs. 
Lnnar bone. The " lunar " boue may be told by its two 

"semilunes" below (whence the name): the lai^er 
being for the os magnum, the lesser for the unciform. 

Hold the bone with ita " semilunes " downwards, and the 

broadest noTi~articular surface forwards ; the larger semilune will 

be on the side to which the bone belongs. 

Cnndromi boDB. The "cuneiform" bone may be told by its little 

round articular surface for the pinifurm bone, and 

its concavo-convex surface for the unciform. 

Hold the bone with its concavo-convex surface downwards, and 
its round aarface for the pisiform forwards; the broader end will be 
on the side to which the bone belongs. 
Pisifonii bone. The " pisiform " bone may be told by its pea- 

shape (whence its name) ; and by its single articular 
surface for the cuneiform. 

Hold the hone with the articular surface downwards, and the 
little overhanging projection towards yourself; the direction of a 
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nlight groove beneath the projection will show to which side the 
bone belongs. 

Trspezinni. The " trapezium " (bo named &om it^ shape) may 

be told bj its aaddle-shaped articular surface for 

the metacarpal bone of the thiimb ; by the deep groove tlirough 

which the tendon of the " flexor carpi radialis '' nins, and the ridge 

alongside it for the attacbxneiit of the anterior aunidar ligamenL 

Hold the bone with the groove upwards and in the antero- 
posterior direction, witli the ridge nearest to you : its saddle-sbaped 
surface will point to which hand the bone belongs. 

Truptwid bone. The " trapezoid " bone (bo named from its shape) 
may be told by its four articular surfaces and 
four angles. 

Hold the bone perpendicularly with the larger end upwards. Let 
the angle dividing the two longest concave articular surtaces look 
directly forwards. The lower end of the bone will incline rather 
to the side to which it belongs. 

Ob nmganm. The " OS nii^um " may be told by its large 

size, by its round " head " and abgbtly constricted 
" neck." 

Hold the bone with the head pointing towards yourself, and the 
broadest non-articular surface upwards. The projecting angle in 
front will point towards the side to which the bone belongs. 

Uaeifomi bone. The *' unciform " bone may be told by its hook- 
like process ; whence its name. 

Hold the bone with the unciform process downwards, and the 
articulai surface with the two facets directed forwards. The con- 
vexity of the process will look towards the hand to which it belongs. 

Osslficitioi] of At birth the corpus is all cartilaginous. Ossifi- 
the corpa*. cation commences by a single centre for each bone. 

Tlie OS magnum and unciform begin to ossify about the first year ; 
the cimeiform about the third ; the trapezium and lunar about the 
fourth ; the scaphoid and trapezoid about the eighth ; and the 
pisiform about the fourteenth : thia is the last bone in the body to 
ossify. 

MuBclei atutcbEd It will be observed that no muscles are connected 
lothecarpufc ^jh the "dorsal" surface of the carpus. The 
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scaphoid gives origin by ita " tnbercle " to the " abductor pollicia.' 
The pisiform gives inaertion to the "flexor carpi ulnaris," and 
origia to the "abductor minimi digiti." The trapezium gives 
origin by ita " ridge " to the " opponens pollicia," and to a part 
of the " flexor brevia pollicis," of which tlje hirger part arises from 
the trapezoid and oa magnum. The unciform gives origin by its 
" procesfi " to the " flexor brevis minimi digiti," and to the 
" opponens minimi digiti." 



THE UETAC&RFITS. 



The metacarpus consiste of the five bonea which aiipport the 
phalanges of the thumb and fingers. We speak of them as the 
first, second, third, &c, counting from that of the thumb. Con- 
sidering them as " long Ijones," we speak of their shafts and their 
two ends ; the upper end being termed the " baae," the lower the 
" head " of the bone. 

The " shafts " are slightly concave towards the palm, to form 
the hollow of the hand. They are more or less triangular, being 
made so by the impressions of the "interosseous" muscles which 
occupy the " interosseous spaces " between them. The apex of 
the triangle is on the palmar siirface, the base on the dorsal surface 
for the convenient support of the extensor tendons of the fingers. 

Their " bases " articulate not only with the bones of the carpus, 
but also, laterally, with each other: that of the thumb, however, 
stands alone, so as to oppose all the others : this being the great 
characteristic of the hand of man. 

Their lower ends or " heads " have convex surfaces for articulation 
with the first phalanges of the fingers. These suriiicea extend 
chiefly towards the palm for obvious reasons. They allow the 
fingers not only to be bent and extended, but also to be moved 
laterally. On each side of their heads is a projection for the 
attachment of the lateral ligaments. 

The shaft of each metacarpal bone lia,s a canal for the nutrient 
artery of the medulla. In the second, third, fourth, and fifth 
metacarpal bone, the direction of this canal is upwards; but in the 
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metacarpal bone of the thumb ita direction is downwardR. This is 
in accordance with the law which regulates the nnion of the 
epiphyses. 

How to diitin- The metacarpal bone of the thumb is distin- 

gnwh iho nieia- guished by the characteristic saddle-shaped sur- 
face at the base, which articulates with the trape- 
sdum. Besides which, its shaft is shorter, broader, and stronger 
than the others, in accordance with the many and powerful 
muscles which act upon it. There are no less than nine muscles 
to work the thumb. Observe that the great mobility of the thumb 
depends upon this saddle-shaped joint at its base; and that its 
power of antagonizing the fingers in owing to its base being set off 
on a plane anterior to them. 

Hold the bone with the base towards you, and the dorsal surface 
uppermost. The facet on one side of the base (indicating the 
insertion of the extensor ossis metocarpi pollicis) will look away 
from the side to which the bone belongs, 

The metacarpal bone of the fore-finger is distinguished by its 
zig-zag surface at the base, bo as to be immoveably wedged with 
three of the carpal hones ; also by having only one lateral facet. 

Hold the bone with the base towards you and the dorsal surface 
upwards : the lateral facet will he on the side to which the bone 
belongs. 

The metacarpal bone of the middle finger may be known by its 
having a sioooth surface at the base for the os magnum, and an 
angular projection at the comer of it for the insertion of the 
" extensor carpi radialia brevior." It has also lateral facets on 
each side. 

With the base towards you, and the dorsal surface uppermost, 
the comer of the base which has no projection will be on the side 
to which the base belongs. 

The metacarpal bone of the ring-finger articulates with the 
unciform and part of the os m^num. It may be distinguished by 
its smaller size ; by the absence of the angular projection at the 
base, which is flat, and by its having lateral facets on each side. 

With the base towards you and the dorsal surface uppermost, 
the base has a slight inclination towards the side tt belongs to. 
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The metacarpal bone of the little finger may be recognised by 
ita concavo-convex suriace at tlie base to articulate with the unci- 
form bone, and by ita having only one lateral facet. 

With the base towards you and tlie dorsal surface uppermost, 
the side of the base which hae no facet will look to the side to which 
the bone belongs. 

OaalHcAtion oT The stnicture of each metacarpal bone is pre- 
raetttearpal bones, cisely like that of the great loi^ bones; and a 
longitudinal section through one of them would display the medul- 
lary cavity, and the great thickness of the compact wall of the 
shaft. Hence a broken noetacarpal bone is comparatively rare. 
Like all the long bones, each metacarpal bone has a centre of ossiti- 
cation for the shaft and one for each of the articular euda. In the 
first metacarpal, the artery of the marrow runs towariis the lower 
end, therefore the lower epiphysis unites sooner than the upper to 
the shaft. This is just the reverse of what takes place in all the 
other metocarjiala, in which the artery of the marrow runs towards 
the upper end. 
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Each finger coasists of three liones, successively decreasing in 
size, and termed, respectively, the first, second, and last or ungual 
" plialans." The thumb has only two phalanges, Mid these corre- 
spond to the first and last of those of the lingers. A general 
description will suffice for all. 

The structure of each phalanx is precisely like that of the great 
long bones, and a longitudinal section through one of them would 
display the great thickness of the compact wall of the shaft. A 
broken phalanx is comparatively rare. 

Considering the phalanges as " long" bones, we speak of their 
shafts and their articular ends. The shafts are convex on the 
dorsal surface, and flat on the palmar, for the convenient play of 
the flexor tendons : and here we have to observe, that on each side 
of this flat surface there is a slight ridge for the attachment of the 
fibrous sheath (theca), which keeps the tendons in their place. 
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The first phalanges are distinguished by their greater length ; 
but chiefly by the shape of their upper (metacarpal) ends, which 
do not form strictly hinge-joints, but have concave oval surfaces, 
with the long diameters transverse, adapted for lateral movement 
as well as flexion on the heads of the metacarpal bones. In accord- 
ance with this lateral movement, we observe, on each side, a 
tubercle for the advantageous insertion of the interosseous muscles 
which produce it. With this exception, all the other joints of the 
fingers are stricUy hinge-joints. 

The second phalanges are recognised by the shape of their upper 
ends, which have two surfaces, with an intervening ridge, so as to 
form a hinge with the first phalanges. They have also tubercles 
behind for the insertion of the extensor tendons. 

The last or imgual phalanges are the shortest Their ends 
expand into a horse-shoe shape, smooth on one siuface for the 
support of the nails, and rough on the other for the support of the - 
pulp of the fingers. 

It may, perhaps, be interestiug to some persons to know that the » 
^^ middle digit" is the most constant of all the digits in the 
vertebrate series. Few are aware that the bones forming the three 
joints of this finger answer to those called " great pastern bone," 
^^ little pastern bone," and coffin bone in the horse ; and that the 
nail in this finger represents the hoofl 

Each phalanx has two cientres of ossification : one for the shaft 
and the lower end ; the other for the upper end, which remains an 
epiphysis till about the twentieth year. 



SESAMOID BONES. 

These little bones are so called from their resemblance in size 
and shape to the grain " sesamurru^ They are met with in the 
substance of tendons in the neighbourhood of joints, — the "patella," 
or " knee-pan," being the best example. Their use is to increase 
the leverage of the tendons. The thumb has two of these bones 
beneath its metacarpal joint, to increase the leverage of the " flexor 
brevis pollicis." We rarely find any for the fingers. 
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Of all animalB, the mole baa the most remarkable apparatus of 
" sesamoid " bones. Its prodigiouBiy strong digging feet are richly 
provided with them, in order to increEute the leverage of the 
lirachial muBolea, which enable the animal, as it were, to swim 

through the earth. 
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rnB WHiBT (Pliite XXVUL) 

EKWnsor carpi radialis longior [?' E^em-il condyloid ridgo ofbumorus. 

'^ " l^L Base or second melocArpal bone. 

Eitonsor carpi radialis brevior I "" External condyle of hnme.ni. 

'^ \_L Huse of Ibiru metocarpiu bone. 

r . ■ 1 • fO. Kxtcrnal condyle of humorni. 

Extensor carpi umariB (, „ car., '. ,i 

"^ |_I. Base of flfth mclacarpal bone. 

FLESOEB OF TDK WHIST (PlfttC XXVU.) 

fi . J- ,. rO. Inlernfil condyle of hiimerua. 

Flexor »r,, ,.d,^,, | ^ „^^ ^, ^J^ m«.„n^ bo.e. 

■^ l_L BoEO of fifth metacarpal bone. 
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Here we most remark, that in consequence of the flexors and 
extensors of the wrist being inserted below the second row of the 
carpal bones, they necessarily act on the " intercarpal " as well as 
on the " radio-carpal " joint. Thus, a greater amount of motion is 
providetl for the wrist than it otherwise could have had with safety; 
for if so free a motion had been given to one joint, the angle of 
flexion must have been very great, and the Ugaments must have 
been looser than would have been consistent with the security of 
the jouit. 



E-ttensor ossts mctacarpi polli 
Extensor primi inleroodii poll 
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0. Bock of radiue. 



Base of firnl metacarpal bone. 
Back of radius, ulna, and 



, Base of first phalanx. 

Ei«»«t »».di i.io.»m ,«,ijici.{°- K;,',;!;j-pj.tax. 
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— „■ ■ r O. Trapezium, snuulai limmeiiU 
Opp™«„p,n.ca |, 4iiSo„gto,„,»oSll»~. 

r O. Trapciium and uwulu ligunent ; i. tnpr- 

Xlexor btevu pollicii < loid and ot majpiam. 

I, L BoUi sides of base ot first pliaUox. 

■""""""■!" p«"^" {o- is.".;",:rpii::i"- 

^-'■•■"p""- {? gSfofSTpSr*"^ 

- , „ - J' ■, fO. Exlfrnal condyle of hnmeruB. 

*,xtensor comraanis ttigitorum | j Second undlliird pbalangcof aU the fingers. 

jnucouir ^j^ Second and Ihird phalanges of ror«-lingeT. 

v.i.»« -.:..:...; .ti^ii T O. Kxtcroal condyle of humenu. 

luteiwir muumi aigiu ^^ Second and [lurd phalanges of Utile finger. 

{O. Internal condyle ; a, coronoid process -, 
3, ridge of radios. 
L Sides of second phalanges of all the fingers. 
m.-.„_ n, r. n J... .!!«-. n—™ / 0- Front and inner side of idna. 

Flexor profundus digitomm |j_ ^j.^^^^ phalsjiges of aU the finger.. 

MEBCLsa OF THE BALL OF TDB UTTLK maKS. 

Abduct -.1„1 d,gi.l {»• SifoTfX'h.^ 

"«■•"""«"— {?■ ES-^h-d.,.. 



INTBBOSSEOCS MUSCLES. 

There are eight interosseous muscliis : four on the dorsal aspect, 
and four on the palmar aspect of the hand. The dorsal interosaeouB 
arise from the opposite sides of the metacarpal bones, and are 
inserted into the iirst phalanges of the fingers, so that they separate 
the fingers from each other; in other words, they draw the fingers 
from a stationary line .supposed to pass down the centre of the 
middle finger, as represented by the dotted line in fig. 21, on the 
other side of this page. 
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The palmar interossei arise each from one metacarpal bone, am 
are inserted into the fingera, bo that they bring them together; 




Four dorsal i 

drawing from th< 




fact, they draw towards the etationaiy line down the centre of the 
middle finger, as shown in cut, fig. 22. 



BONES OF THE LOWER EXTREMITY. 



The bones of the lower extremity consist of the " femur," the 
"patella," the two bones of the leg, namely, the "tibia" and 
"fibula," the bonea of the "tarsuB," the "metatarsus," and the 
"phalanges" of the toes. ' 

The femur articulates with the pelvis. Now the pelvis itself ia 
composed of several bones, — namely, the "os sacrum," the 
"coccyx," or terminal piece of the spine, and the two "ossa 
iunominata," one on each side. These are wedged together, so as 
to form a solid arch. The weight of the spine ia supported by the 
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sacnitn, or key-Btone of the arch ; anil the weight of the trunk is 
tmDsmitted from the sides of the arch on to the thigh-bone*. We 
ehall therefore deacribe, first, the constituent Iwnes of the pelvisj 
beginning with the " os iunominatitm." 



INNOMINATUM. 
(Plato XXS.) 



Divkioii 
and PoBU, 



The " 08 innominatura," bo named by Galen, is 
made up of three bones, distinct in childhood, but 
united in the adult, tmd termed the " ilium," 
"iBchium," and "pubes." Thus its constituents have received 
appropriate names, but the bone, conAolidated, remains " nameless," 
The " iliimi " is the expanded part which supports the flank (ilia) ; 
the "ischium" supports the body in the sitting postiu^ {t<r)(ia, the 
buttocks); the "pubes" is the front part, — bo called from its 
being covered with hair. All three contribute to form the 
" acetabulum," or socket for the thigh-bone, and in the following 
proportions (fig. 3): — the ischium contributes rather more than 
j-th, the ilium rather less than |-ths, and the pubes about ^th. 
In childhood they are united, at the bottom of the acetabulum, by 
a piece of cartilage, shaped like the letter Y. In the adult, how- 
ever, little trace is left of the original division, so that, for practical 
purposes, it is better to consider the bone as one, and to describe 
succeasiv^y its iliac, pubic, and ischial portiona In studying the 
relative bearings of these sevejal parts in the erect position of the 
body, the bone should he held at such an inclination that the 
" notch " be at tiie lowest part of the acetabulum. 

lunM. The ilium (os ilii) forms a broeid expanse for the 

support of the abdominal viscera, and gives a 

powerful leverage to the great muscles which balance the pelvis on 

the head of the thigh-bone. We must examine its outer and inner 

surface, and its borders. 
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Outer surfaco. 



The outer surface of the ilium (dorsum ilii) is 
slightly undulatiiig, being convex on ita anterior 
and concave on its posterior half. In a well-marked bone, we 
discern the traces, termed the " superior and inferior curved lines," 
which map out the origins of the gluteal muscles: These lines 
commence, the one at the " anterior superior spine," the other Bi i 
the "anterior inferior spine," and extend backwards to the l 
"greater ischiatic notch." The surface above the superior line 
gives origin to the "gluteus mediua;" that between the lines to 
the "gluteus minimus." A rough surface further back indicates 
the origin of a part only of the "gluteus maximus," Just above 
the acetabulum is the second origin of the " rectus " (feraoris), the 
first being at the " anterior inferior spine," 

Inner Eorf&ce : The inner surface of the ilium is slightly exca- 
HUo fowft. vated, BO as to form the " iliac fossa." This fossa 

is one of the characteristics of the human skeleton, and its purpose 
is to support the abdominal viscera. It gives origin to the " iliacus 
intemua." Hold the bono to the light and observe that the bottom 
of the fossa is the thinnest part of the ilium, for the good reason, 
that it is out of the line of the weight of the body. The fossa is 
bounded below by the " linea ileo-pectinea," which forms the true 
brim of the pelvis. We are not surprised that this brim is the 
thickest and strongest part of the bone, since it is the " line of the 
pelvic arch," along which the weight of the trunk is transmitted to 
the head of the thigh-bone. No one can form an adequate idea of 
the massive architecture of this part of the pelvis without inspecting 
a longitudinal section such as we have made in Plate XXXIII. 
But we must postpone for the present the mechanism of this 
l>eautiful arch. Behind the iliac fossa is the articular surface 
for the sacrum (sacro-iliac symphysis). The front part of 
this is shaped like a little ear, and, in the recent state, crusted 
with cartilage, which acta as a "buffer" to the joint, while the 
hinder part is exceedingly rocky for the attachment of the strong 
"interosseous" ligament which secures it. Lastly, on the inner 
surface is the large foramen, which transmits nutrient blood-vessels 
and a nerve into the cancellous texture. 
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Cresi and The upper border of the ilium is termed the 

'P'°^ "creat." Looking at it from above, we observe 

that it3 outUue is alternately concave and convex, like the adjoining 
figm^ (23), in adaptation to the general surface of tlie ilium, which 
undulates at the one part to form the " iliac fossa " (i), fio. as. 
and at the other, to form what may be termed the 
" gluteal fossa" (g), for the convenient lodgment of the 
muscles of the buttock. The crest is rough and broad, 
and is spoken of in the " schools " a& presenting three 
** lips," — an *' outer," an " inner," and a " middle," 
the origin of the muscles which form the lateral walls of j 
the abdomen. The outer lip gives origin to the 
"obliquus exteraus abdominis" and the "latissimua dorsi ;" tUe 
middle Hp gives origin to the " obliquus intemua ; " and the inner 
lip to the " transversalis abdominis," the " quadratuti lumborum," 
and a part of the " erector spinas." 

Along the front border of the ilium we have to notice the " ante- 
rior-superior " and " anterior-inferior spines," with the shallow notch 
between them. The superior spine, and the edge of the notch below, 
give origin to the " sartorius," and the inferior spine to one head 
of the rectus. Below this spine there ia another notch, for the 
passage of the iliacus and psoas muscles, and then we come to the 
" ileo-pectineal eminence," where the ilium and pubes join. This 
eminence is interesting, practically, as the part over which the femo- 
ral artery passes into the thigh, and against which it can be effec- 
tually compressed. 

Along the posterior border of the ilium are the " posterior- 
superior" and " jwsterior-inferior spines," with the little notch 
between them. These spines are for the attachment of ligaments. 
Below the spines is the " greater ischiatic notch," which transmits 
the great vessels and nerves from the pelvis to the buttock and 
back of the thigh. Lower still is the " spine of the ischium," and 
then we come to the " lesser ischiatic notch." In the recent state 
the notches are converted into complete holes by the "sacro- 
ischiatic ligaments," greater and lesser respectively, as shewn in the 
cut, fig. 24. These ligaments deserve attention because they 
answer three important purposes — 1. they mainly contribute to 
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the fixation of the socnim, which is the keystone of the pelvi 
arch ; 2. they afford an esteasive Burface for' the origin of the 
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^sscro-Ucbuitic ligament. 



great muscle of the buttock (gluteus maximus) ; 3. they help 
to form the floor of the pelvis, and Bupport the pelvic viscera, 
mthout adding much to the weight of the cavity. Returning to 
the notchcB, we must bear in mind the several objects which pass 
through them. These objects axe us follow : — - 

{Glntieal tmmIb and neire. 
PjriformiE mnBclc 
Greater and lesser ischiotie nerrei. 
Isf^hiatic Testela. 
Pudic VBBtels and nerve (oat of polvil). 



The tcEser ischial 



{Teniion of the obiuralor 
Pudic yesacli and ncrvQ (into pulvii). 



Pdbbs. The "pubea" is usually described as having a 

" body " and two branches : one of which, called the 
" horizontal ramus," joins the ilium at the ilio-pectineal eminence ; 
the other, called the " descending ramus," joins the ramus of the 
ischium. Here it is necessary to observe, that the terms " horizon- 
tal" and " descending," as descriptive of the direction of the "rami," 
are erroneous. But they have crept into general use, and therefore 
we must use them. The error has arisen from the pelvis having 
been described as if it were horizontal, which it is not. Only look 
at a properly articulated skeleton, or hold the pelvis inclined a 



iclined at its i 
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proper angle (50") to the horizon, and you will soon see that the 
pelvic rami run in a direction almost the reverse of that which is 
implied hy their names. 

The "horizontal ramus" of the pubes is somewhat triangular. 
Its upper surface gives origin to the " pectineus," and is marked by 
the continuation of the true brim of the pelvis, or ileo-pectineal 
line, which gives insertion to the " psoas parvus " when there is one, 
and also to that part of the " cnu-aJ arch " termed " Gimbeniftt'a 
ligament." The imier surface forms part of the wall of the true 
pelvis, while its lower surface bounds the obturator foramen, and is 
grooved for the passage of the obturator vessels and nerve. 

Pubic ircli. The "descending ramus" of the pubes inclines 

outwards and backwards, and forms, with its fellow 
of the opposite side, what is called the " arch of the pubes." The 
margin of the arch slopes a little outwards, so as to form a groove 
for the attachment of the "crus penis" or " ctitoridis," as the 
case may be ; but this shelving of the arch is especially consider- 
able in the female, to facilitate the passage of the child. Behind 
the groove is the origin of the " compressor urethne." 

Bodj or the pubes. The "body" of the pubes (Plate XXXII.) is 
connected along a rough and somewhat oval sur- 
face to the answerable part on the opposite bone. This imion is 
termed the " symphysis pubis." Observe the bones are not here 
in immediate apposition, but united by fibro-cartilage of at least 
-Jths of an inch in thickness in front, which is elastic, like that be- 
tween the bodies of the vertebne, and while it completes the pelvic 
arch below, serves also to obviate the eflFecta of concussion. The 
summit of the pubes is a most important part in relation to the 
anatomy of hernia. The chief point of interest here is the " spine." 
This is for the attachment of the " crural arch " (Poupart'a liga- 
ment), and is our guide to the external abdominal ring. From the 
spine we trace outwards the beginning of the linea ileo-pectinea, 
where " Gimbemat's ligament " is attached. Between the spine 
and the symphysis lies the part called the " crest," to which so 
many muscles are attached. There is, namely, proceeding from the 
front, the insertion of the conjoined tendon of the " internal oblique" 
ajid " transversal is," the origin of the " pyramidaUs," and that of tlie 
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" rectus abdominia." The posterior surface of the body forma part 
of the lower WftU of the pelvic cavity; and you should observe that 
ita angle of inclination, as well as that of the " syraphyais," is such 
aa to present a gently sloping plane for the support of the pelvic 
viscera. Lastly, its anterior surface is rough for the origin of mus- 
cles; namely, the "adductor longus," "brevia" and part of the 
" m^nus," also the " obturator extemus " and the " gracilis." 

bcHivM. The ischiiun completes the lower part of the 

innominate bone. It serves both to support the 
trunk in sitting, and projects advant^eously for the origin of the 
hamstring musclea. If, in imagination, we separate it from the 
rest of the hone, then we should point out a " body," which ia the 
moat bulky part of it, for the formation of the acetabulum : from 
this, the bone drops vertically to form the " tuberoaity " upon 
which we sit; and then, curving forwards like a hook, it forma 
the " ascending ramus," which unites with the corresponding part 
of the piihea, and thus completes the " foramen ovale." Leaving 
the acetabulum for seijarate study, we pass on to notice the "spine 
of the ischium," which separates the " greater" from the " lesser 
ischiatic notch." There is much to be said about this spine. Its 
outside gives origin to the "gemellus superior;" its inside gives 
origin to the " coccygeua " and a small part of the " levator ani : " 
the front part of the levator ani, you should observe, arises from 
the body of the pubes, while the intermetiiate part of it arises from 
a kind of tendinous arch thrown across from one point' of bone to 
the other. Reverting to the spine, we must remember that the 
lesser sacro-ischiatic ligament is attached to it, and that the inter- 
nal pudie artery crosses over its outer surface, ao that, in case of 
severe hiemorrhage after lithotomy, it would be possible in a thin 
subject to compress the artery against the bone. 

Fonmen tiv»io It matters little what part of the ischium we 
or obtttratum. examine next ; but let us take the " foramen ovale" 

or " obturatura." The wide opening is of an oval form in the 
male, but triangular, with rounded angles, in the female. It is 
closed in the recent state by the "obturator membrane," every- 
where except at the top, where a small aperture is left for the 
passage of the obturator vessels and nerve into the thigh. The 
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chief purpose of the hole is to hglitcn the pelvis. The closing 
memhrane serves for the origin of the ohturator muscles juat as 
well aa if it had been a plate of bone : besides which, it gives a 
little during the passage of the head of the child. Estemally, the 
border of the hole gives origin to the " obturator extemua ; and, 
at the mention of this muscle, one naturally points to the groove 
between the acetahiilum and the tuberosity, along which its tendon 
runs to be inserted into the thigh-bone. 

Behind the foramen ovale, the ischium presents a smooth and 
extensive surface, forming much of the lateral wall of the pelvic 
cavity. Observe that it inclines so as to form a gentle slope to- 
wards the lower opening of the pelvis. Now it is this " slope of the 
ischium " which guides the head of the child after it has entered 
the brim of the pelvis, and makes it ttim so that the longest 
diameter of the head corresponds with the widest part of the out- 
let. The greater part of the slope gives origin to the "obturator 
intemuH." This musele also arises from the mar^ of the obtu- 
rator foramen, as well as the membrane closing it ; and with this 
muscle we must associate the lesser y^q_ ^s. 

ischiatic notch, because it forms the beau- 
tiful pulley, crusted in the recent state 
with cartilage, roimd which the many 
tendons of this muscle turn, in order to 
rotate the thigh-bone. 

Tnberosiiy. The tuberosity of the 

ischium is obviously in- 
tended to answer a double purpose — 
1. it serves to support the trunk in the 
ffltting position ; 2. it forms a lever for 
the action of the hamstring muscles, of 
which one important function is to restore 
the body to the erect position after stoop- 
ing, as seen in the annexed cut, fig. 25. 
This is a lever of the first order. The 

fulcrum F is at the hip-joint ; the weight 
„, . , 1-11. , , Tl"-' MbeToS'tT of the isdiiuiti, 

W IS the trunk of the body; and the , i^ver of ihe fim order. 
power P is at the tuberosity of the 
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ischium, where the hamstring muscles axise. On the " tuberosity" 
itself there is itothing to remark beyond the rough impressiooa 
mode by the strong muscles attached to it. At its back part 
there ia the conjoined origin of the " semitendinosus " and 
" biceps," the origin of the " semimembranosuB " and the " quad- 
ratua femoris," and stilj higher that of the " gemellus inferior." 
At its lowest part begins the origin of the "adductor mt^ua," 
which is continued a long way up the ramus, nearly to the body 
of the pubes. Along the inner side of the tuberosity is a rough 
ridge to which the greater ischiatic ligament is attached : anterior 
to this, but in the same line, is the origin of the " erector penis," 
and that of the " transversalia perinei superficialis," 
Acetabnlnm. Lastly, we come to the " acetabulum," This is 

BO named from its resemblance to an ancient vinegar 
cup. Observe its great deptli and hemispherical form aflapted for 
the secure lodgement of the bead of the thigh-bone, and for more 
or leas movement in any direction. It looks downwards and outwards 
so as to transmit the weight of the trunk directly on to the head 
of the thigh-bone ; and the upper or iliac portion of it ia by far the 
thickest and strongest, since it has to support the whole weight of 
the trunk in the erect posture. All these points are of interest, 
because they are characteristic of the human skeleton. There are 
two notehes in the margin or "brim" of the acetabulum. The 
upper and smaller one is near the ileo-pectineal eminence, and 
permits the free bending of the thigh towards the abdomen. The 
other and larger, specially called "the notch," is at the lowest part 
of the margin. It permits the "adduction" of the thigh, as, for 
instance, when we cross the legs, and also lets blood-vessels run 
into the acetabulmn to supply the ligamentum teres, and the fat at 
the bottom of it. Besides which, there is no need of bone at the 
lowest part of the socket, which never has to support weight. Two 
ligaments are attached to the bonlers of the notch : one is tlie 
"ligamentum teres;" the other is the "transverse ligament,"* 
which runs across it to complete the margin of the acetabulum. 



« liguuent ia somuCimci oHilied in extreme otd age. See a pre- 
liorultHi in ibe Hanlarian Mumuiu, So. bi2i. 
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Deep as it is, even in the dry bone, the acetabulum is made still 
deeper in the recent state by a rim of fibro-cartilage, called the 
" cotyloid ligament," which, besides increasing its depth, serves as 
a " sucker" to keep the head of the bone in the socket. 

Looking into the socket, we observe that it is smooth everywhere, 
except at the bottom, where there is an irregular excavation con- 
tinuous with the notch below. This is to allow the free play of the 
ligamentum teres within the joint, and is partly occupied by fat 
and synovial fringes. If the socket be held up to the light, the 
bottom of it will be found thin enough to be transparent. This 
thinness explains why, in some cases of diseased hip-joint, the mat- 
ter makes its way through the socket into the pelvic cavity.* It 
likewise explains why a fall on the trochanter major is able to 
fracture the bottom of the acetabulum. We have a preparation f 
in the museum of St. Bartholomew's Hospital in which a fracture, 
caused by a fall on the trochanter a few months before death, 
extended in several directions from the centre of the acetabulum 
to its circumference. 

Besides the three pieces of which it is originally formed, the os- 
innominatum has four " epiphyses," which begin to appear about 
the age of puberty. One skirts the crest of the ilium. There is 
a second for the anterior-inferior spine; a third along the tube- 
rosity of the ischium : and a fourth, which forms a thin plate, at the 
symphysis pubis. 



* See mnscom of St. Bartholomew's Hospital Second Series, K 18. 
t Third Series, No. 62. 
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THE SACRUM. 
(Plates XXXL and XXXL a.) 

The "sacrum"* is situated at the back of the pelvis, and is 
wedged in between the two innominate bones, so as to form the 
" keystone " of the arch which supports the spine, and transmits 
the weight of it to the lower limbs. Observe that it inclines back- 
wards, and forms, with the last lumbar vertebra, a rounded angle, 
termed the " promontory " of the sacrum. This inclination answers 
a double purpose : it not only makes more room in the pelvis, but 
breaks the force of shocks transmitted from the pelvis to the 
spine. 

Composed of Its general shape is triangular ; and a simple 

five vcrtebnc iniitpection of it proves that it consists of five ver- 

tebraef, with their bodies and processes all consolidated into a 
single bone. We have to examine its anterior and posterior 
surface, its sides, base, and apex. 

Its anterior surface is concave, not only from above downwards, 
but also from side to side, in adaptation to the pelvic cavity. This 



* It is not easy to say why this was called the "sacred bone" (]kp6p oar4ov). The 
reason generally assigned is, that it was the part used in sacrifices. The following is 
another: — It appears the Jewish Rabbis entertained a notion that this part of tho 
skeleton, which they called tho ** luz," woald resist decay, and become the germ from 
which the body would be raised. Hence Butler has it — 

*' The learned Rabbins of the Jews 
Write there 's a bone, which they call * Luz,' 
r the mmp of man, of such a virtue 
No force in nature can do hurt to : 
All th' other members shall, they say. 
Spring out of this, as from a seed 
All sort of vegetals proceed ; 
From whence the learned sons of art 
* 08 sacrum^ justly call the part" 

IIuDiBKAS, cant. iL part iii. 
t It is not uncommon to meet with six sacral vcrtebnr. Sometimes there are but 
four. 
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curvature of the bone forwards, not only assists in supporting the 
pelvic viscera, but also permits us to sit, which we could not have 
done, had the bone projected like a taiL In the middle, we see the 
bodies of the five sacral vertebrae decreasing in size from above 
downwards, and the four transverse ridges indicating their union* 
On each side of the ridges are the four anterior sacral foramina, 
with grooves leading from them for the passage of the anterior 
branches of the sacral nerves. 

The bone exterior to the foramina, on each side, is made up of 
parts which answer to ribs. These are united to the bodies, to 
each other, and also to the transverse processes behind, so as 
to form a solid lateral mass- Here the " pyriformis " arises. 
(Plate XLVIL) 

The posterior surface of the sacrum is convex, and presents, in 
the middle line, the spines of the four upper sacral vertebrae, 
coalesced into a vertical crest for the origin of the " erector spinae.'* 
Observe, however, that the last sacral vertebra, and sometimes the 
last two, have no spines, and that even their arches are more or less 
deficient, so that the termination of the vertebral canal is here left 
unprotected in the dry bone ; and in the recent state it is only 
covered by a fibrous membrane. This explains the serious effects 
that are apt to follow an injury to this part. Sloughs from bed-sores 
upon this part are sometimes deep enough to expose the vertebral 
canal. On each side of the crest is the vertebral groove ; and here 
are the faint traces of the anchyloeed articular processes of the 
sacral vertebrae. The most conspicuous of these processes are those 
of the last vertebra : they project like two knobs of bone, and are 
called the " comua " of the sacrum : they correspond with the 
comua of the coccyx, with which they are connected by ligaments. 

Next to the articular processes are the four foramina for the 
transmission of the posterior sacral Eerves. These posterior sacral 
foramina are directly opposite the anterior. Beclard, in his lectures, 
relates the case of a sharp instrument running through both into 
the pelvic cavity. The fifth sacral nerve emerges through the little 
" notch " beneath the sacral comu. Still more externally are the 
*' tubercles," indicating the anchylosed transverse processes. These, 
like the crest, give origin to the tendon of the " erector spinae." 
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The bme or upper end of the sacrum presents the oval surface of 
the body of the first sacral vertebra, which articulates with the hurt 
lumbar, a thick fibro-cartilage intervening. Holding the bone 
properlj inclined backwards, we notice that this surface slants 
downwards and forwards, forming, with the lumbar vertebra, the 
sacro- vertebral angle, or promontory, to which allusion has been 
already made, Ou each side of the body are its enormously thick 
and strong lateral masses, expanded like two wings, in order to 
transmit the weight to the iliac bones. Each wing has a rounded 
edge in front, which forms pajt of the brim of the true pelvis. 
Behind the body is the triangular opening of the vertebral caoal 
formed by the vertebral arches. Lastly, on each side of the canal 
are the articular processes for the last lumbar vertebra. They are 
set wide apart, in order to give a broad base of support to the 
spine, look backwards and inwards, and are slightly concave from 
side to side, so as to permit a slight rotatory movement. In front 
of each articular process is the iadication of the notch for the JJa»- 
eage of the last lumbar nerve. 

The apex of the sacrum is formed by the diminutive body of 
tbe last sacral vertebra, and has an oval articular surface for the 
coccyx. 

S«:ro-iliac At the sides of tbe sacrum, we have to notice 

iymphyaia jjig surface which is connected to the ilium, form- 

ing what is called the " sacro-iliac " symphysis. Three sacnJ 
vertebrffi concur to form it," The connection is effected, partly by 
cartilage and partly by ligament. The cartilaginous part is in front, 
aud is mapped out on the dry bone in the shape of a httle ear : 
hence called the auricular surface of tbe sacrum. Behind this is 
the rough excavation denoting the attachment of the strong inter- 
osseous ligament connecting tbe two bones. Separation of the 
"sacro-iliac" sj-mpbysis does sometimes, though rarely, take place as 
tlie result of injury. It is an accident of the gravest kind, and one 
rarely sees recovery in such a case, since it is almost sure to be 
accompanied with other mjury to the pelvic viscera. Lastly, the 



* Id Ihc chiiDpaniM the Bocnim bus onij the Grst two Iransversc processes fullj 
developed and anited lo the ilUc bones : bcncc, the crank is less firmly cotmectcd K 
tbe jidric arcb, and therefore needs additional snpport tana tbe arms. 
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side of the sacrum below the auricular part gives origin to some of 
the filires of the "gluteus masimust" 

DeTelopmont of The SEicral vertebne are developed like the 
the sacral vcrtebrffi. others, with the aildition of au independent centre 
on each tiide of the first three for the formation of the lateral masa. 
Now, slace every vertebra has three primary centres (one for the 
body and two for the laminai, or archea), and two secondary centres 
for the body (the discs on the upper and lower surfaces), the num- 
ber of centres for the five sacral vertebne stands thus : — 

3 X 5 = 15 centres for the bodies. 

2 X 5 = 10 centres for the arches. 

2x3= 6 additional cfiutres for the lateral mastteB of the 

first three vertebree, 

= 31 
To this we must add two discs, one on each side, fur the auricular 
surface, — making in all 33. 

The component parts of each vertebra unite together first. Thus 
complete, each vertebra remains separate till abo^lt the 1 5th year, 
when they begin to unite ; not all at once, but in regular succession 
from below upwards. The lateral masses unite before the bodies. 
The "auricular" disc does not appear till about the 20th year, and 
the whole bone is not consolidated before the 26th year, or there- 
abouts. However, even in advanced age, one sometimes finds the 
bodies of the upper sacral vertebrse still united in the centre by 
cartilage only. 



THE COCCVX. 



CriateXXXL) 



Tlie coccyx derives its name from a fancied resemblance to the 
beak of a cuckoo (koickv^). It consists of four or aometimee five 
rudimentary vertebra;, articulated (or ancliylosed) together, and 
successively decrea^g iu aim, tbe Inst being a mere uudule of 
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bone. Aa a whole, it is triangular. The body of the first coccy- 
geal vertebra articulates by an oval surface with that of the last 
aacral: and it has two little articular processes which project under 
the name of "comua," to be connected viib the "comua" of the 
sacrum, either by fibrous tissue or cartilage. The first vertebra has 
also two rudimentary transverse processes, and two "notches" (one 
beneath each comu), for the last sacral nerve. 

The first coccygeal vertebra articulates vnth the lower end of the 
sacrum by an intervening fibro-cartilage, and the succeeding ones 
are also separated by a fibro-cartilage. Thus the coccyx admits of 
being bent backwards and forwards, which is of great advantage in 
parturition, and gives as much as one inch more space in the 
antero-posterior diameter bf the outlet of the pelvis. About the 
age of 45 or 50, and indeed sometimes earlier, these little bonea 
become anchylosed to each other, and to the sacrurtL This is one 
of the causes of difBcult labour. Dr. Ramsbotham says it is gene- 
rally met with in women bearing a first child late in life, and in 
those who have been accustomed to sit during the greater part of 
the day, as in the case of milliners. Under these circumstances 
the bone will sometimes break in labour. It is a most distressing 
accident, and causes great pain when the bowels are acting. 

Dr. Hunter says that anchylosis of the sacrum and coccyx 
is common in females who ride much on horseback, and thus 
explains the comparative frequency of hard labours in English 
women. Father Dobritzhofer, who lived a long time a mtssionaiy 
among the Abiponians, speaks of the difficult labours of the women 
there, who spend the greater part of their time on horseback. 

Each bone of the coccyx is ossified from a single centre. The 
first begins to ossify soon after birth ; the second about the 5th 
year; the third about the 10th ; and the fourth about the 15th or 
20th year. 



THE TELVrS IN GENERAL. 

The pelvis is named from its resemblance to a basin (wiKvf). 
The French call it " le bassin," and in old English works it is o 
spoken of as " the basin." When midwivee speak of the true 
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pelvis, they mean all below the brim. All above the brim they 
call the false pelvis. By the brim is understood the " linea ileo- 
pectinea." Again, they speak of the upper opening or " inlet," anJ 
the lower opening or " outlet " of the pelvis. 

Pelvi* a le»er The pelvis forms a great arch of bone which 
of the flrat order, supports the trunk, and transmits the weight of it 
to the lower limbs. It contains ajid protects the pelvic viscera, 
and some of the abdominal. It acts as a lever of the first order in 
balancing the trunk on the bead of the thigh-bone, as when we 
stand upon one leg. But the most obvious action of the pelvis as 
a lever of the first order that we can adduce, is when we raise the 
body from the stooping to the ere-ot attitude. 

fulcrum F, as seen in the cut, 6g. 26, is 

at the hip-joint; the weight W is the 
trunk of the body ; and the power is 

fixed to the tuberosity of the ischium, P. 

The power in this case is the contraction 

of the hamstring muscles. This, by the 

way, is a very good example of a muscle 

answering a double purpose. The ham- 
string muscle, represented in the cut, is 

the biceps. When its fixed point is 

l>elow, i.e, at the fibula, the muscle can 

raise the body from the stooping position, 

TSTien its fixed point is at the pelvis, it 

serves to bend the knee. In the latter 

case, however, the muscle acts upon a 

lever of the third order. 

Under the head of pelvis in general 

comes — 1. its mechanism as an arch : 2. 

its obliquity with regard to the spine ; 

3. its axis; 4. the diameters of the inlet and outlet; 5. the 

difference between the male and the female pelvis. 
Pelric arch : Its mechanism as an arch is beat displayed by 

iu Btrongth. sawing off the wings of the ilia, as we have done 

in Plate XXXIU. Such a section shows the following points: — 

The sacrum forms the broad keystone of the arch, and supparta the 
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weight of the Hpine. Now the sacrum being set very oblique, the 
weight tends to thrust it dowuwarJs and backwards. To resist this 
tendency, the sacrum is doubly wedged, that is, wedged from above 
dowuwarda, and also from hefore backwards: thus, unless Uie 
ilia give way, which they never do, the sacrum cannot be dis- 
located bachearda. But this is not all ; there is a provision to 
prevent dislocation of the sacrum ftmvanJe ; namely, a reciprocal 
irregularity, or slight "dovetailing," between the articular snriitoea 
of the sacrum and ilium, and in all cases a "bite" in front formed 
by the edge of the ilium. So much for the security of the crown 
of the arch. 

Observe, in the next place, that the inclination of the arch is 
such that the weight is transmitted in a perpendicular plane to the 
heads of the thigh-bones. Agaui, the thickest and strongest port 
of the arch is precisely in the line of presstu'e. Lastly, there are 
three " buffers " to break shocks ; one at the pubic symphysis, the 
other two at the sacro-iliac symphyses. 

From the main arch, two secondary arches proceed, one on eitiier 
side : these are the " sitting arches," and the summit of each is at 
the tuberosity of th& ischium. 

The following is a good instance of the enormous weight the 
pelvic arch will bear without injury, provided the weight be applied 
along the arch. A wi^gon wheel passed over a man's pelvis from 
aide to sade, immediately over the symphysis pubis. The man 
stated that the waggon with the load in it weighed 5 tons 7 cwt. 
There was no injury beyond an ecchymosis of the scrotum and the 
upper part of the thighs. After three weeks, the man left the 
Hospital well, with the exception of a slight lameness, 

Obliquiijoftho In the erect attitude the line of gravity of the 
I~'''*- spine falls perpeiidicularly on the sacrnm, as shown 

in the line a, h. "fig, 27. With this perpendicular, the inclination 
of the pelvis forms an angle {a. 6, c. fig. 28) of 140° in the female, 
and 145° in the male. Now this angle is such, that the line of 
gravity falls through the acetabulum, an<l consequently the weight 
is transmitted directly on to the heads of the thigh-bones. For all 
practical purposes, one may ascertain the proper obliquity of the 
pelvis by holding it so that the " notch " shall be the lowest part 
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TUB PELVIS IN GENERAL. 



of the acetabulum. The end of the coccyx wil! then be about ■ 
half an inch higher than the lower part of the symphysis pubia 




Line orgniTitj of the hoij. 



Axes of the The axia of the brim of the pelvis, that is, a 
P''''* line passing at right angles through the centre of 

its plane, if prolonged, would pass from the coccj-x to the 
umbilicus. The axis of the outlet would fall on the proraontoiy of 
the sacrum. The axis of the cavity would form a curve pretty 
nearly corresponding with the curve of the sacrum. In all oper- 
ations about the pelvis, it is of great importance to bear in mind its 
different axes. As a useful practical rule, we may, therefore, lay 
down, that the axis of the pelvis corresponds with a line drawn 
from the anus to the umbilicus. 

DiameUnofihe The next point is the diameters of the pelvis; 
pelvis. and it is interesting because it concerns parturi- 

tion. The inlet or brim of the pelvis is somewhat beart-shapetl. 
Its diameters vaiy more or less in <lifferent cases: iu the recent 



176 THE TELTIS IN CJENEIIAJ.. 

state, with all tlie soft parts undisturbeii, the following are alxmt 

the averse : — 

Inches. 

Antero-posterior or conjugate 4 

Obliqae (from aacro-iliac ifymphysis to acetabulum) . . 4g 
Transverse 4*- 

Obaerve, then, that the longest diameter of the brhii ia the 
transverse. In this direction the long diameter of the head of tlie 
child enters the pelvis. 

The shape of the outlet,, in the recent state, ia like a lozenge, 
siaee the two inchiatic notches are blocked up by the sooro-ischiatic 
ligaments. Its diameters are as follow : — 

Transverse (from one tuber ischii to the other) ... 4 

Antero-posterior (from symphysis to coccyx) .... 4J 
And, with the coccyx pushed back, the antero-posterior 

diameter will be 5J 

The longest diameter of the outlet therefore is from before back- 
wards. 

Now the head of the child enters the pelvis in the traneveree 
diameter, but descends in the oblique, till it presses upon the spines 
of the ischia. Here its further progress is arrested by the spines. 
As the uterus goes on contracting, the slope of the ischium on each 
side compels the head to turn, so that the face comes to lie in tiie 
hollow of the sacrum. Consequently, the long axis of the head is 
brought into the long axis of the outlet, and is thus easily expelled. 
Differenco be- The female pelvis differs very little from that of 
twMo tho male the male till puberty, at which period it has a 
' heart-shaped form in both sexes. After puberty 
the female pelvis begins to assume its sexual characters, which are 
the following : — 

1. The sacrum is wider and less curved*; the promontory less 
projecting ; and the coccyx more moveable than in the male. 

2. ITie cavity is shallower, and all its diameters broa<ler, than in 
the male. 

* Some anthora state the rcrcrM. But Albiniu (clc eceleto) eajt trulj : — "Socruia 
feminis Utina, per loDgiendinem rectins, iafrft noa teqne incarrBtnin Id priora," 
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3. The spioee of the ilia, tLe acetabula, and the tuberosities of 
tlie ischia, are wider apart than in the male. 

4. The Bymphywa pubis is not ao deep : the pubic areli has a 
much wider span, and its branches are more shelving than in the 
male, in order to facilitate parturition. 



THE FEMUR. 



(Plalcs XXXIV. anJ XXXV.) 



1 



The thigh-bone is the longest and stroiigeat of all the bones. Its 
great length, in comparison with the other bones of the leg, is 
characteristic of the human skeleton. In consequence of this great 
comparative length, and of the shortness of the arms, the euda of 
the fingers in man do not reach lower than the middle of the thigh- 
bone. In the chimpanzee the fingers reach down to the knee; and 
in the orang, down to the ankle. 

The direction of the thigh-bone is not quite perpendicular, but 
slants, 80 that the knees are nearer together than the hips ; 
obviously for the purpose of bringing the knee-joint nearer the line 
of gravity of the body. This obliquity ia necessarily greater in 
women, on accoimt of the greater breadth of the pelvis, and 
accounts for their peculiar gait. We have to examine the head, 
the neck, the trochanters for the attachment of muecles, the shaft, 
and the condyles. 

Brio. The head forms rather more than half a sphere, 

smooth and conves on every part, except at a point 
a little behind and below its centre, where there is a depression for 
the attachment of the "Ugamentum teres." It formq a perfect 
ball-and-socket joint with the acetabulum. When crusted with 
cartilage the ball fits ao accurately into its socket, that it is retained 
in it by atmospheric pressure alone. It has been ascertained by espt- 
riment that this pressure is about '26 pounds ; that is, more than 
equal to sustain the weight of the entire limb with all its soft partiS. 
More than this, the Brothers Weber " have shown that, in walking, 

* McdiADik iler mcnsch. Gchwcrk., GotL 1636. 
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the \6gti act like pendultims, and that we require scarcely any 
muscular force to adfance one leg before the other. Tliia is a 
beautiful provision. The hmb hanga freely in its socket, and the 
muscles do not espend any of their power in keeping it there. 
Boerbaave might well say, " in mirabili articulatione femoria 
Creatorem adoramus." 
Kjsck, The general direction of the " neck " is upwards, 

inwards, and a little forwards from the shaft. The 
reason why the neck of the thigh-hone is directed a trifle forwards 
is, that the lower extremity raay naturally turn a little outwards. 
Everything in the bones of the lower limb and the insertion of its 
muscles conforms to this object. It is this which gives elasticity, 
freedom, and grace to the motion of the body ; and we owe this to 
nature, and not, as some suppose, to the dancing master. 

In the adult the neck ia set on to the shaft at a very open angle, 
about 125°. But the angle varies at dif- 
Fio. S9. 4S1 _ ferent ^es, in harmony with the require- 

ments of the age. In children the neck 
of the thigh-bone is so oblique that it 
forms almost a gentle curve from the axis 
of the shaft, as seen in the cut (fig. 29). 
' \ Therefore the trochanters do not project 
'itv> nearly so much as in the adult (fig. 30). 
■ This is one reason why it is sometimes 
difficult to determine the precise nature 
of accidents about the hip in children. 
As old age advances the neck drops to 
nearly a right angle with the shaft, as 
shown in fig. 31 : besides which its com- 
pact walls become thinner, and its can- 
cellous tissue becomes expanded. No 
wonder, then, the neck of tlie femur is so 
liable to break in old persons. Observe 
CompnnktiTe obIiqo[(yofilio how much broader the neck is in its ver- 

"k*^ f« '^l '!'*l!"'~? ,'",«''" tical diameter, and how much thicker the 
child (fig, 29), tho adult (fig. ' 

30), and tho aged (fig. 31). l«wer wall is than the upper, in order to 
resist vertical pressure. The part where 
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the neck springs from the shaft we caJI the " base." In falls on the 
trochanter, the neck is sometimes broken here, and driven into tlie 
shaft between the trochanters, forming what ib calleil an "im- 
pacted" fracture of the neck. The symptoms of such ft fracture 
are, more or less fihortening of the limb, diminished projection of 
the trochanter major, and no crepitus. 

Since the great length and obliquity of the neck of his femur is 
quite peculiar to man, let us consider for a moment what advan- 
t^e his skeleton gains by it. In the first place, it widens the base 
of support for the trunk. It disengages the shaft of the thigh from 
the hip-joint, and thus increases the range of motion. What ani- 
mal can separate its legs so widely as man ? But this is not all. 
Greater space ia made for the adductor muscles, which balance the 
pelvis on the inside of the thigh ; and the great trochanter being 
removed to a distance ft^m the hip-joint, gives greater leverage to 
the powerful gluteal muscles which balance the pelvis on the out- 
side. Again, the weight of the trunk, in place of falling vertically 
on the shaft of the femur, is transmitted to it by an arch. 

THocnANTER, As aforesftid, the trochanter *'major" and "minor" 

(Mjor and minor, ^pg outstanding processes for the purpose of giving 
greater leverage to the muscles which rotate the thigh {rpo)(aM, 
verto). Observe, they project behind the axis of rotation (which is 
the centre of the head of the bone). This is another of the pro- 
visions for the outward rotation of the lower limb as the natural 
position. It is well to remember that the top of the great tro- 
chanter in the adiilt is about f of an inch lower ttian the head of 
the bone. Take the muscles inserteil into the trochanter major 
first. Suppose the trochanter to be square, which it is nearly if 
you look at it sideways. Into the anterior border is inserted the 
"gluteus minimus:" into the superior border, the "obturator 
internus, the gemelli, and the pyriformis;" into the posterior 
border, the " quadrate femoris ; " the inferior border {base of the 
trochanter) gives origin to the strong tendon of the " vastus ex- 
temus." Draw a diagonal from behind forwards across the square 
(there is a faint trace of it in nature), and you will find that the 
upper triangle gives insertion to the "gluteus medius," while the 
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lower remains mnooth for the play of the tendon of the " gluteus 



Behind the neck of the femur, and beneath the projecting angle 
of the trochanter major, you will find a deep excavation, called the 
" digital fossa." No mustOe is inserted here except the " obturator 
extemus ; " and this insertion is at the bottom of the fossa. 

The bearings of the great trochanter deserve particular attention, 
because it ia oiir great land-mark in determining the nature of 
injuriea about the hip. For instance, when the trochanter is lower 
down thaji it ought to be, we know that the head of the bone ia 
dislocated inwards ; when it is higher than its proper place, nearer 
to the spine of the ilium, and so fixed that it cannot be moved, we 
know that the head is dislocated on the dorsum of the ilium ; when 
it is higher and freely movable, we know that the neck of the bone 
is broken. . 

The trochanter minor projects from the inner and bmJe part of 
the shaft, just below the base of the neck. It gives insertion to the 
** psoas magnua" and the "iliacus intemus." Observe that the 
trochanter minor is directed backwards in order that the muscles 
inserted into it may turn the toes outwards at the same time that 
they raise the leg. These are the muscles which, in fracture 
of the upper third of the shaft, it ia so difficult to prevent from 
raising the upper frt^ment. 

iDter-trochonteric Two oblique ridges extend from one trochanter 
"^s^ to the other, the one in front of, the other behind, 

the neck of the femur. The purpose of the anterior " inter-tro- 
chanteric ridge " ia to give attachment to the powerful ligament 
which covers the front of the capsule of the hip joint, limits the 
extension of the thigh, and is one of the chief safeguaxda of the 
erect position, since it prevents the pelvis and trunk from falling 
backwards. The posterior " inter-trochanteric ridge" is mainly for 
the support of the great trochanter. 
Bbaft. Eespecting the shaft of the femur we have to 

notice that it is slightly arched with the convexity 
forwards, by which a double advantage is gained : first, it is more 
springy than if it were straight ; and, secondly, more room is 
gained for the flexor muscles behind, and more power for the ex- 
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tensors in &ont of the shaft. The shaft is smooth and cylindrical 
all round, except behind, where there is a longitudinal ridge termed 
the " linea aapera." This ridge serves as a buttreas to the shaft, 
but its chief purpose is for the attachment of powerful muscles. 
The linea aspera is most prominent about the middle third of the 
shaft : here it appears at first sight a single ridge, but if you look 
more cai'efuUy you will probably find traces of two borders, termed 
its " lipa." About the lower third of the shaft these lips diverge 
from each other, and may be traced more or less distinctly to the 
" tuberoMties " of the condyles. The triangular interval between 
their bifurcation is called the popliteal surface of the femur, and 
upon it the popliteal artery rests in its passage through the ham. 
Turning to the upper end of the linea aspera", we notice that here 
also its two lips branch off: one runs to the root of the lesser 
trochanter, the other to the root of the greater. 

So much about the linea aspera and the upper and lower 
divergence of its two lips, will help ns towards imderstanding the 
muscles attached to it. Take the outer lip first The " vastus 
extemus" arises from it all the way down. Along the upper third 
is a very rough surface for the insertion of the gluteus maximus. 
This part may very properly be called the gluteal ridge : it is 
sometimes so prominent as to resemble the third trochanter of 
animals. The lower two-thirds gives origin to the short head of 
the biceps. 

The inner lip of the linea aspera gives origin all the way down 
to the " vastus intemus." Into its upper part is inserted the 
" pectineus," then comes the insertion of the " adductor longus," 
and behind both ia that of the "adductor brevis." Lastly, the 
insertion of the "adductor magnus" extends all along the shaft 
&om the base of the trochanter major to the tuberosity of the 
inner condyle, where we notice a projection of bone for its better 
insertion. 

Along the course of the linea aspera are the orifices of two 



■ Theae " lincsi Mperte" an nothing more than pnrtial ossiflcalione of tlie tendons 
inserted there A very rou(;1i "lines oipcru" u a chonictcr of oge. It puts one in 
mind of Uio " Uine leudooB " which one sees in the leguUr &uAtom}r of biriU. 
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Cfinale wLioh convey nutrient blood-vessels to the marrow. Both 

these canals run obliquely vpicarda through the walls of the bonew 

The front and outer surface of the shaft gives origin to the 

" onireus," and to the little muscle below it, the " suh-crureus ;" 

the inner surface give« origin to part of the " vastus internus " (the 
other and stronger part arising irom the linea aspera). Observe, 
the origin of these muscles does not occupy the whole of the abaft. 
Along the lower part, but more especially on the inner side, no 
muscular fibres aiise. Here the bone is simply covered by the 
fibres of the " vast! " on each side. The point of this observation 
is, that it acooimts for the great extent to which an inflamed knee- 
joint swells beneath the vaati : there being no resistance to the dis- 
tension of the synovial membrane in this direction, 
CoMDTLEH. The lower part of the femur gradually expands 

to form the condyles for the knee-joint (covSvXos, a. 
knuckle). Tlie inner condyle projects much more, and is full half 
an inch lower than the outer, when the bone ie perpendicular ; but 
when the houe slants, as it naturally does, you find both condyles on 
the same plane. This must needs be, as the plane of the knee joint 
is horizontal in adaptation to the erect posture. The condylea 
are separated behind by a deep notch, the " intercondyloid," which 
is for the lodgment of the two " crucial " ligaments, 
which prevent the knee from being extended beyond 
the straight line ; for the requirements of this joint 
will not admit of any bony prominence to limit ex- 
tension, such ae we fiud in the elbow. These hga- 
ments (as shown in the cut. fig. 32) are attached to 
the rough surfaces of the condyles facing each other; 
Crucial liyaments ^^^ anterior crucial to the external condyle, the 
of thu knoe. posterior crucial to the internal. 
The articular surfaces of the condyles unite in front to form the 
pulley over which the "pateUa" plays. The larger share of the 
pulley is formed by the external condyle, and it mounts not only 
lugher, but projects more, to prevent the tendency of the patella 
to be dislocated outwards. In an antero-posterior section, each 
articular surface would present something like the long half of an 
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ellipse (as seen in the adjoining cut, fig. 33).* In the erect atti- 
tude, the flatter part of the ellipse rests on the 
shallow excavation of the tibia, and all the ligaments * * 

are on the stretch ; but when the knee is bent, the 
more convex part of the ellipse rests on the tibia, 
and admits of a certain amount of rotation, all the 
ligaments being loose. 

The "tuberosities" of the condyles are for the 
attachment of the lateral ligaments of the joint. 
Observe that these tuberosities are situated nearer 
to the back than the front part of the condyle. 
The result of this is, that the ligaments are fixed behind the centre 
of motion, so that they become stretched when the joint is 
extended. This is another provision for the strength of the knee. 

There is a rough surface behind the internal condyle for the 
origin of the inner head of the " gastrocnemius," and another, 
behind the external condyle, for the outer head of this muscle and 
the " plantaris." On the outer surface of the external condyle is 
a depression for the origin of the " popliteus." 

Development of The femur is ossified from three primary centres 
the femur. ^Q^e for the shafl and neck, and one for each ar- 

ticular end), and two secondary centres, one for each trochanter. 
(See plate D). The centre of the shaft appears very early (between 
the 40th and 60th day after conception), but that of the lower end 
not until within the last fifteen days of the full term of gestation. 
Hence the existence of this centre enables us to pronoimce with 
something like certainty as to the age of a foetus.t It is the only 
epiphysis in which ossification commences before birth. As this is 
the first of all the epiphyses to ossify, so it remains the longest a 
separate piece, in accordance with the general law that epiphyses 
unite with the shafts in the inverse order of their ossification. The 



^ The two woodcuts show verj well the attachments and the direction of the crucial 
ligaments, abyoc. Being attached to the condyles behind the centre, they necessarily 
limit extension beyond the straight line. But they do more ; by crossing like braces 
they prevent lateral displacement of the tibia. 

t Concerning the bearing of Osteogeny on forensic medidne, see ** Medecine 
Legale,** by M. OrfOa. 
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centre of the head appears about one year after birth. The great 

trochanter begins to ossify about the third or fourth year; the 
leaser about the fourteenth. All the pieces have united about the 

age of twenty-one. 
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THE PATELLA. 
(PlaW SXXVI.) 

The patella is a little hone developed in the extensor tendon of 
the knee, in order to protect the knee joint, and to increase the 
leverage of the extensor muscle by making it act at a greater angle. 
It is a principle in mechanics that the efficiency of a force which 
acts upon a lever is greatest when its direction ia at right angles to 
the lever, and decreases as the obliquity of that direction is in- 
creased. The patella is the best example of a " sesamoid " bone. 
In shape, it is somewhat triangular, vritb rounded angles, the apex 
being downwards. 

Its anterior surface ia convex, and marked by longitudinal streaks, 
indicative of the insertion of the fibres of the extensor tendon. 

Its posterior surface is smooth, and crusted in the recent Btota 
with cartilage, in order to play upon the trochlea of the femur. It 
is divided by a vertical ridge adapted to the groove in the femur, 
and on each side of the ridge are the articular facettes correspond- 
ing to the condyles of the femur. The external articular facette ia 
the larger of the two in adaptation to the external condyle, and by 
this we may distinguish the right patella from the left. Besides 
this, the outer edge of the patella is much thinner than the inner 
edge, which is also another good distinction. Below the articular 
Burface — that is, at the apex — there ia a rough surface for the 
attachment of the " ligamentum patellje," or continuation of the 
extensor tendon. The base of the bone is thick and irregular, for 
the insertion of the extensor tendon. 

The patella ia developed from a single centre, which appears 
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about the secood year. It is not fully ossified until alxiiit the age 
of fourteen or fifteen. 

The patella being developed actually in the Bubstance of the 
extensor tendon of the knee is very liable to be broken by a sudden 
and violent action of the extensor muscles, as when we attempt to 
preserve the balance of the body when it is in danger of falling 
backwards. In this position — that is, when the knee is half -bent — 
the upper part of the patella is not Hupported by its trochlea : there 
is a hollow under it, and here consequently the patella snaps trans- 
versely, like a stick broken across the knee. The broken ends are 
separated widely, and therefore in the vast majority of cases their 
reunion takes place by ligamentoua substance, not by bone. 

But even when the knee is extetuletl, violent muscular contrac- 
tion is able to snap the patella. Desault speaks of both patellar 
being broken by convulsions in a patient after he had been cut for 
the stone. Opera dancers sometimes break the patella in practising 
the step called the " Entrechat." 



T n E TIBIA. 
(Haw XSXVI.) 



The tibia is the larger of the two bones of the leg, and is placed 
on the iimer side. It entirely support* the condyles of the femur, 
and transmits the weight of the body to the foot. Its direction is 
not oblique like the femur, but vertical; so that in well-formed l^s 
the two tibiffi should be paralleL Let us examine in succession the 
upper end, the shaft, and the lower end. 

Hkad. The upper end is generally called the " head" of 

the tibia. It is very broad in the transverse direction 

for the support, of the condyles of the femur : and we point tjj this 

great breadth as one of the peculiarities of the human skeleton. 

The articular surfaces for the condyles are very shallow in the dry 
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bone, but deepened in the recent state by discs of fibro-cartUage 

(tej-med the "Bemiiunar cartili^ea "). These cartilages convert the 
Ghallow articular surfaces of the tibia into variable sockets, that is, 
sockets which adapt themselves to the varying forms of the condyles 
in flexion and extension of the knee. The outer articular surface 
(facette) is round, but the inner is oval, with the long diameter 
from before backwards, in adaptation to the internal condyle. 

Between the articular surfaces is a projection termed the spine, 
which is generally topped by two little tubercles. In front of the 
spine is the depression in which the anterior crucial ligament is 
attached, and behind the spine is another much larger one, in which 
the posterior crucial ligament is attached. These depressions 
serve also for the attachments of the semilunar cartilages. 

TtiDEuoBiTiEs, ex- The lateral masses which support the articular 

cm an in td . gy^j-j^ggg ^j.g calleii the "tuberosities" of the tibia. 
The external tuberosity presents at Its back part a small articular 
surface for the head of the fibula ; this articular surface ia on a 
kind of bony ledge, and its direction is obhque. The inteimal 
tuberosity is much larger, and projects more than the other. It 
has a groove behind for the insertion of the " semi-membranosus." 
About one inch and a half below the head of the tibia is the 
" tubercle" for the insertion of the common extensor tendon of the 
leg (ligamentum patella). You will observe that the insertion 
takes place into the lower part of the tubercle, which is rough ; the 
upper part is smooth, to allow the easy play of the tendon (a bursa 
being interposed between the tendon and the bone). 
SHiFT, The shaft of the tibia is triangular. It is a little 

twisted outwards, to determine the obliquity of the 
foot ; consequently the inner malleolus advances a little before the 
ankle joint, and the outer one recedes a little behind it. This, 
observe, corresponds with the obliquity of the neck of the thigh 
bone, the position of its trochanters, and the oblique direction of 
the muscles ; the object of all being to give a natural inclination 
outwards to the lower extremity. The narrowest part of the shaft 
is about the lower third ; hence the frequency of fracture here. 
Let us esainine each of its surfaces. 



THE TIBIA. 



187 



Tlie infernal surface is subcutaneous. We notice oi 
the iuteraal tuberosity, the insertions of the "sartorius," 



a it, below 

"gracilis," 

and " semi ten dinosus." Behind these is a rougli surface for the 
attachment of the internal lateral ligament of the knee. 

The external surface is slightly hollowed along its upper half for 
the origin and lodgment of the " tibialis anticus:" itfi lower part 
is turned forwards, so as to present a smooth surface adapted for 
the play of the tendons which run over the &ont of the ankle- 
joint. 

The posterior surface presents along its upper third a rough line, 
slanting from the outer towards the inner aide. It indicates part 
of the tibial origin of the " soleus ;" the remainder of this oripn 
runs down the inner edge of the shafl to the extent of about three 
inches. This origin is an important piece of anatomy since it con- 
cemfl the operation of tying the posterior tibial artery. Above the 
" oblique line " is a triangular sur&ce, indicating the insertion of 
the " popliteus." The surface of the bone below the ridge is 
occupied by the origin of the " flexor longus digitorum," and part 
of the "tibialis posticus," Just below the line is the canal for 
the medullary artery. It is the largest of all the canals in the long 
bones, runa very obliquely from above downwards, and when 
divided in amputations sometimes occasions troublesome hemor- 
rhage. I have many times traced a nerve through this canal with 
the artery into the medullary cavity. 

The crest or " shin " of the tibia is the densest and strongest 
part of the bone (see cut, fig.34); 



for this reason, that the chief 
pressure on the tibia is at the 
anterior part ; which is at once 
obvious if we consider the di- 
rection of the force in walking, 
running, or leaping. This form 
of the tibia, therefore, is not a 
mere matter of accident, or the 
result of the pressure of the 
muscles which surround it. 



Fio. 34. 
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Witli regard to the edges of the tibia, the aTiierior, called the 
" crest," is very aliarp, and readily felt beneath the akin, but only 
along the upper two-thirds of the shaft : along the lower third the 
front of the bone is round, for the passage of the extensor tendons 
and the anterior tibial vessels and nerve. The external edge is 
tumetl towards the fibula, and gives attachment to the interosseous 
membrane (represented by the dotted line in the cut) which con- 
nects the two bones. The iidemal edge nms from the hinder part 
of the head of the tibia down to the inner malleolus. It gives 
attachment to the deep fascia covering the muscles of the back of 
the leg, beneath those of the cal£ 
Lover end. The lower end of the tibia is expanded trans- 

versely in order to form a hinge-joint with the 
astragalus. For this purpose its articular 
^'' surface is uniformly concave from before 

backward.s ; but the plane of the joint is 
horizontal (as seen in cut, fig. 35), like 
that of the knee, for the advantageoua 
support of the weight of the body. The 
joint is secured on the inner side by the 
massive projection termed the " malleolus 
iutemus." One side of this is smooth and 
cru3te<l with cartilage, to aiiiculate with 
the lateral surface of the astragalus ; the 
other is subcutaneous. At its apex there 
is a deep notch for the attachment of the 
very powerful internal lateral ligament of 
the ankle ; and behind is a longitudioaJ 
groove, which transmits the tendons of 
tlie " tibialis posticus" and the " flexor longus digitorum." 

Lastly, on the outer surface of the lower end is the rough escava- 
tiou for the reception of the fibula. There is no sensible move- 
ment between the bones, but only just enough to give a slight 
amount of elasticity. The security of the angle requires that they 
be firmly rivetted together by a strong interosseous ligament ; and 
their contiguous surfaces are rough accordingly. 




Svction la show tliat Ihe 
plane of the uiUo-joiiit ia 
boriioiilal. 
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The ankle-joint is such a perfect hinge that 
when the foot is at right angles to the tibia, as 
when we are standing, no lateral movement what- 
ever is permitted ; but when the foot is extended, 
then a very slight lateral movement is possible 
between the tibia and the astragalus, owing to the 
astragalus being so much narrower behind than 
it is in front. 

The tibia is ossified from three centres : onie for 
the shaft, and one for each end. The centre of 
the upper end, which, observe, includes the tu- 
bercle (see cut, fig. 36), appears about the first 
year after birth. The centre of the lower end 
appears about the second year. The epiphyses do 
not miite with the shaft till the age of twenty or 
upwards. 



Fio. 36. 
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THE FIBULA. 



(Plato XXXVL) 



RelatiYo bearing The fibula (a clasp) is the outer of the two bones 
of the tibia and ^f ^j^^ j^^ Though quite as long as the tibia, it 

fibula. 

is a slender bone, and does not sustain any of the 
weight of the body. The upper end is placed on a lower level 
than the knee-joint, and forms no part of it; but the lower end 
projects considerably below the tibia, and constitutes the outer 
ankle. The chief use of the bone is to give additional extent of 
origin to the powerful muscles of progression. Look well at the 
relative position of the two bones of the leg. Observe that the 
fibula articiUates with the outer and back part of the head of the 
tibia, and ttiat the shaft of the fibula arches backwards^ while that 
of the tibia arches forwards : the result of this is, that the fibula lies 
quite in the background, except at its lower part, where it advances 
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to form the outer ankle. A knowledge of this relative liearing of the 
two boneB is important in the adjustment of fractures, but more 
especially in the performance of dap-omputations ; and for thia rea- 
son, that the knife, introduced from the tibial side, ia apt, unless 
properly directed, to pass be- 
tween the two bones, instead of 
behind them : and thia ia the 
more likely, since the plane of 
the posterior surface of the tibia 
slants considerably in front of 
the fibula. The relative posi- 
tion of the two bonett, as well 
iis their relative thickness, are 
shown in the adjoining woodcut (fig. 37). The dotted lines re- 
present the interosseous ligament. 
Heap. The upper end of the fibula is called its " bead," 

and can be felt plainly beneath the skin. On its 
inner side is the small oval surface which articulates with the tibia. 
Its outer side is very prominent, and rises behind into a short pro- 
jection termed the " styloid process." This little process appa- 
rently inaig-iiijicant, is really significant, because it tallies with 
the olecranon. It forma a little lever* for the insertion of the 
biceps (one of the hamatring muscles). Besides thia the outer part 
of the " head " gives attachment to the external lateral ligament 
of the knee-joint. 
Shaft. ^he shaft of the fibula is more easy to imder- 

stand when connected to the tibia. Immediately 
below the head, the shaft is rounder and thinner than elsewhere. 
The lower three-fourths of the shaft is triangular, like that of the 
tibia, for the more convenient origin and course of the miiscles. 
Ite three surfacea are placed so, that one (iriteriaal) looks towards 
the tibia ; another looks outwards ; the third looks liackwarda. 
The inner or tibial surface is divided into two unequal parts by a 
longitudinal ridge. Observe this ridge carefully, because it gives 



■ Owen proposes to call the styloid process ihd "fibclla." To e 
into a lever or great poirer, look at the skeleton of tbe Echidna. 
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attachment to the interosseous ligaincnt which divides the rauBcles 
ou the front from those on the back of the leg. Now the grooved 
surface behind the ridge in question gives origin to ptirt of the 
" tibialis posticus ; " that in front of it gives origin to the " extensor 
communis digitorum," (which arises also from the head of the fibula 
and even the tibia,) to the " extensor proprius pollicifl," and to 
the " peroneus tertius." Thus, four muscles arise from the inner 
side of the shaft; namely, three in front of the interosseous 
membrane, and one behind itb 

The <mter surface of the shaft gives origin to the " peroneus 
longus" and " brevis." Towards the lower end of the bone this 
surface inclines backwards, because the tendons of these two muscles 
play along the groove behind the external malleolus; 

The posterior surface gives origin to two muscles only ; namely 
along its upper third to the " soleus," and its lower two-thirds to 
the " flexor longua pollicia." Here we observe the canal for the 
medullary vessels : like that in the tibia, it runs downwards. 

With regard to the angles of the shaft, the anterior is the sharp- 
est, like that of the tibia. Trace it down the bone, and you will 
find that it bifurcates about three inches from the lower end, and 
encloses a triangular surface, which is aubcutaneoua. Here we feel 
for fractures of the lower part of the fibula. The other angles do 
not require special notice. 

LowEB BSD. The lower end of the fibula descends below the 

tibia in order to form the " malleolus," for the se- 
curity of the ankle-joint on the outer side. It is not only longer 
than the inner malleohis, but projects more, so as to give more 
power to the tendons of the "peronei," which play in a groove 
behind it. On ite inner side ia the smooth, slightly convex surface 
which articulates with the side of the astragalus; and just above 
this is the rough surface which fits into the groove of the tibia, and 
gives attachment to the interosaeoua ligament which rivets the two 
bones together. The apex givea attachment to the external 
lateral ligament of the ankle. On the inner side of the apex is a 
deep hollow for the attachment of the transverse ligament of the 
ankle. 

The tibia and fibula are bo fixed together at the ankle, that there 
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is no sensible motion between them, only just enough to give a 

Bort of elasticity which yields to slighter spraina. The office of 
guarding the ankle is performed so well by the fibula, that lateral 
ditdocation cannot take place unless the fibula be broken. Fractures 
of the fibula generally occur about 2^- inches from the lower end, 
and most frequently happen in consequence of a very violent out- 
ward twist of the foot. The outer surface of the os calcis comea 
to press against the end of' the fibula; the resiilt of which is, that 
the shaft of the bone gives way at the weakest part— that is, just 
above the ankle. The same accident may happen from a violent 
twist of the foot inwarde: but in this case it is the astragalus, 
which, by its pressure outwards, causes the fibula to give way. 
This kind of fracture, accompanied, as it usually is, with more or 
less injury to the internal lateral ligament of the ankle, or possibly 
with fracture of the tip of the internal malleolus, is by far the 
most frequent dislocation about the ankle received into a London 
Hospital Such an accident is commonly called " Pott's fracture," 
after the surgeon who first accurately described it. 

The fibula has three centres of ossification; one for the shaft 
and one for each end. The lower end begins to ossify about the 
second year; the upper about the third or fourth. Contrary to 
the rule, the lower end unites the first to the shaft ; the reason of 
this exception would appear to be the necessity of the early solidity 
of the ankle-joint. 



THE BONES OF THE FOOT. 
(Plato XXXVU. and SXXVIIL) 



There are twenty-six bones in the foot. In the tarsus, seven,— 
namely, the "astragalus," "os calcis," "os ecaphoides," three 
"cuneiform bones," and the "os cuboides;" in the metatarsus, 
five: the remaining fourteen belong to the toes. 
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The firat question that arisea, is, why should there be so many 
bones in the foot? The answer is the same for the foot as for the 
hand, — in order that there may be bo many jointa The structure 
of a joint not only permits motion, bat confers elasticity. Suppose 
there liad been only a single bone, like a shoemaker's last, instead 
of seven in the tarsus, how much more liable it would have been 
to fracture and dislocation \ 

DoDble arch of The bones of the foot form a double arch ; an 
iha foot (jj-^h ft.Q^ before backwards, and an arch from 

side to side. The arch is supported, behind, by the os calcis, 
and in front by the ends of the metatarsal bones. Its height and 
span are greatest on the inner side of the foot ; and gradually 
decrease towards the outer side. The weight of the body falls per- 
pendicularly on the astragalus, which is the key-bone or crown of 
the arch. Concerning the astragalus, two points must be always 
home in mind: — 1, a part (the head) of it is supported below by 
an elastic ligament (cai can eo- scaphoid), which admits of its rising 
and falling like a spring; 2, it is articulated with the os calcis and 
the scaphoid in such a way aa to allow the lateral motions of the 
foot (adduction and abiiuctiou). Flexion and extension of the foot, 
observe, is performed at the anUe-}o\ui. But, besides these beau- 
tiful provisions, all the bones of the foot are more or less moveable 
on each other, so as to break shocks and increase elaaticity; and 
yet their mutual connection is so well provided for, that dislocation 
of any one bone is extremely rare. 

It is wonderful what habit and necessity will make the foot 
accomplish. We who coop it in tight boots, can hardly believe 
when we hear of persons carving, writing, and even painting with 
the toes. " Pes altera manus " is not so far off the mark. Not 
long ^o, a French artist, Ducornet (ne sans bras), died, who 
used to paint with his toes pictures worthy of a place in the 
French Exhibition. 

The fool a lever The foot ia a lever for raising the body. It 
of [he first order, jg generally described as a lever of the second 
order; that is, with the fulcrum at the toes. But this is not 
correct. The foot is a lever of the Jiret order. The fulcnim (which 
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isamoveable one), is at the ankle-joint F, (cut, fig. 36); the weight 
Fio. 38 W IB at the toes ; and the power 

(which is the contraction of the mue> 
cles of the calf) is at the heel P. All 
the conditions are those of a lever of 
the first order. The power and the 
hP weight act in the same direction on 
oppoaite sides of the fulcrum. The 
pressure upon the fulcrum is equal 
to the suvi of the pressures applied, 
i.e.PxF+WxF. 




THE ASTRAGALDS. 
(FlatBXXXVn.) 



The astragalus (ao~rpdya\oi, talus, the huckle-bone, with which 
the ancients used to play at dice,) is the key-stone of the arch of 
the foot, and supports the whole weight of the body, which falls 
perpendicularly upon it from the tibia. As it is the chief bone 
concerned in the mechanism of the spring of the foot, the Gennana 
do well to call it the " spring bone." To examine it thoroughly 
we must make six aqiects. 

Ite swperior aspect, broad and horizontal, the best adapted for 
th5 erect posture, is convex from before backwards, ho as to articu- 
late with the tibia, and admit of the flexion and cxteDsioD of the 
ankle. Observe that this pulley-like surface ia at least one-fifth of 
an inch broader in front than behind. The object of this ia to 
prevent a dislocation of the astragalus backwards, which would 
otherwise be a more frequent occurrence, considering the direction 
of the force in walking, running, or leaping. In consequence of 
this greater narrowness of the astragalus behind, the ankle-joint 
admits of a very slight lateral movement at the ankle, when the 
foot is extended. But there can be no lateral movement at the 
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aoklu whf Q the foot is at right aDgleR to the tibia, i. e. when we 
stand upoD it. 

Each lateral aspect presenUt an articular surface aUi^ted to the 
correaponding maHeolus. The outer is much the lai^er, sliglitly 
concave, and triangular, 'with the apex betow : the inner is com- 
paratively small, and occupies very little of the bone, so that a large 
rough Bpaoe is left below it, for the attachment of the enormously 
strong internal lateral ligament of the ankle. 

Ita posterior aspect presents nothing remarkable beyond a groove 
for the tendon of the flexor longus poIliciB, and a projection on the 
outer side of it for the attachment of the external lateraJ ligament 
of the ankle. 

The anterior aspect presents a large convex " head," whicli is 
received into an ample socket, formed, in front, by the scaphoid J 
below, by the " sustentaculum tali " (part of the os calois) ; and 
also by a strong elastic ligament which fills up the gap left between 
these bones in the skeleton (Plate XLVIII.). It is this elastic 
ligament (calcaneo-scaphoid) which mainly supports the arch of 
the foot, and gives it its Ijcautiful spring. If this hgament yield 
more than it should do, as is sometimes the case in weakly per- 
sons, or, for instance, in opera-dancers, from excessive straining, 
or in bakers, from carrying heavy weights, down goes the arch, — 
the foot becomes flat, and the astragalus may sink low enough to 
touch the ground. 

Tlie inferior aspect rests on the os calcis by two articular sur- 
faces, one behind the other, and separated by a groove directed 
obliquely outwards and forwards. Of these surfaces, the posterior 
is by far the larger, and placed a little more external than the 
anterior. Obser^-c, also, that the posterior is concave, the anterior 
flat, and that both of them slant downwards and forwards. The 
consequence of this is, tiiat when the foot sustains the weight of 
the body, the astragalus slides a little forwards on the oe calcis, 
and presses with its heail firmly against the elastic ligament, which 
yields a little, so that the foot becomes about half an inch longer. 
But this is not alL When we step forward, while the foot is 
raised, the bones (calcaneum and scaphoid) roll easily below the 
a^ragaluB, so that the toes may foe directed according to the 
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inequalities of the ground we are to tread upon: but when the, 

foot is planted, and the body rests perpendicularly on it, then the 
astragaliiB sinks into its socket, presses the os-calcis backwards and 
tlie metatarsal bones forwards, so that we have a steady base of 
support. 

The groove just now alluded to, as running between the 
articular surfaces of the aatragalus, corresponds with another 
between those of the oh calcia When the 
■ ^^' boues are together, the grooves £onn a 

complete tunnel {canalis tarsi) beneath 
i, the astragalus, wide on the outside, but 

la. narrow on the inside, of the foot (see cut, 

fig. 39). This beautiful tunnel is oc- 
cupied in the recent state by fat and by 
t AitiBgalos. the strong interosseous ligament which 
''^'^ connects the two bones: and its direction 
is obliquely from before backwards in 
alcia. order to permit the free lateral move- 
ments of the foot, which take place, not 

„ . , , , at the ankle-joint proper (which is a 

Section to show t!.t tunnel •' f t \ 

of the tnrsna. simple hinge), but between the astragalus 

and the bones with which it articulates 
belovj. TJie astragalus cannot be displaced from the os caicia 
without rupture of the interosseous ligament. 




OS CALCIS. 



(Plates XXXVn. and XXXVIII.) 



* 



The OS calcis, or calcaneura, is the longest and strongest of the 
tarsal bones, because its office is to transmit the weight of the 
body to the ground, and form a powerful lever for the muscles of 
the calf. The great projection and horizontal direction of the 
heel are peculiar to the skeleton of man, in adaptation to his erect 
position. There is a constant relation in the human subject be- 
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tween the projection of the os calcis anil the size of the muscles of 
the call': namely, if the lieel be ahort, the calf will be large; and 
vice versa, if the heel be long, the calf will be small, as in the 
negro, The reason is obvioiia; a short heel or lever requires the 
stronger muscle, and the reverse. 

We must examine six different aspects on the os calcia. 

Its superior anpect presents the two surfaces which support the 
astragalua" Of these, the posterior is convex and much Iftrger 
than the anterior, which is flat. Tlie plane of both these surfaces 
is horizontal transversely, the better to support the weight, but, 
like those of the astragalus, they slope a little, so that the weight 
is transmitteil obliquely downwards and forwards upon the arch of 
the foot. Observe the groove between the articular surfaces for 
the attachment of the interosseous ligament : this groove makes, 
with the astragalus, a complete tuanel, as shown in tbe wood-cut 
(fig. 39). 

If a peTpendicular section be made through tbe os calcis, it will 
be seen that tbe compact wall is thickest at the articular surfaces 
for the astri^alus; and that, from these, the principal septa of the 
cancelli radiate towards the back and under part of the bone, that 
is, precisely in the line of pressure. 

The mderUir end presents a SRkooth vertical surface, which 
articulates with the cuboid bone. The articular surfiice would bo 
quite flat but for a slight projection on the inner side, which 
deserves notice chiefly because it is apt to be in the way in the 
performance of "Chopart'a"t operation. Tbe projection supports 
the third articular surface for the astragalus, when there is a third. 
The rough tubercle, projecting on the dorsum of the foot, gives 
origin to the " extensor brevis digitorum." 

The posterior end forms the heel. The lower rough part indi- 
cates tbe insertion of the " tenilo-Achillis ;" the smooth part above 
indicates tbe position of the bursa between tbe tendon and the 
bone. 



■ Sometimi», and chiefly in old bonee, Ibero are three anicular sorraces for thi 
aslragalas. But tbe third is very Bmall, and placed near the sDlurior cud. 

f Choport'a operation contuls in the remuvol of all tbo boacs of the foot, except 
the o3 colcis and ostTBgoliu. 
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The external surface ie broad, flat, aad nearly subcutanec 
About the middle, there is a tubercle (peroneal tubercle) for t 
purpose of keeping the peroneal tendons in place, the abort 
tendon being above, the longer below the tubercle. Behind this'^ 
tubercle is generally another, for the attachmeot of the external 
lateral ligament of the ankle. 

The inteiiial Hurface presents a deep concavity for the safe 
transmission of the plantar vessels and nerves. At its upper part 
is the process termed the " sustentaculum tali," which helps to 
support the head of the a-stragalus, and gives attachment to the 
elastic ligament of the sole of the foot. There is a groove along 
the under surface of this process for the tendons of the " flexor 
longus pollicis," and the " flexor communis digitorum." 

The inferior or plantar surface preaenta at its back part two 
tubercles, of unequal size, the internal being the larger. They are 
the only parts of the oh calcis which touch the ground. They serve 
for the origin of muscles, and for the attachment of the strong 
plantar fascia which protects the sole of the foot. There is also 
another tubercle in front for the attachment of the calcaneo-cubold 
ligament Thus, there are three exceedingly strong ligaments 
attached to the oh calcis for the preservation of the arch of the 
foot— 1, the plantar fascia (which acta as a ligament); 2, the 
calcaneo-scaphoid, or elastic ligament beneath the head of the 
ajjtragulus ; and 3, the calcaueo-cuboid. 



i SCAniOIDES, 



The scaphoid bone, so named from ita boat-like form, is situat 
on the inner side of the tarsus. It prenents posteriorly, a cnncaif 
surface, whioh forms part of the socket for the head of the astia 
galus ; anteriorly, it has three articular facettes for the three cunel 
form bones ; externally, it has a small facette which articulates w 
the cuboid bone ; intemidly, it has a tubefi-cle which projects on the 
inner side of the foot. This tubercle is the best guide to tlie joint 
behind it, in the performance of Chopart's operation ; and its use 




is to give advantageous iiiBertion to the tendon of the "tibialia 
posticus." The lower part of the scaphoid is very rough for the 
attachment of the calcaneo-scaphoid ligament. 
• If the bone be held in its natural position, that ia, with the cup 
backwards, and convex surface upwards, the broader end of the 
cup will be on the aide to which the bone belongs. 
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The cuboid bone is situated on the outer aide of the tarsus, and 
is wedged in between the os calcis and the fourth and fifth meta- 
tarsal boneB. Observe, that the base of the wedge is turned towards 
the cuneiform bones, so that the pressure in the arch of the foot 
may be properly distributed. Suppose, for a moment, the base 
were turned the other way, would not the lateral thrust from the 
external cuneiform bone force the cuboid quite out of the arch, and 
the falling of the arch be the consequence? 

Its posterior surfece articulates witii the os calcis. Observe that 
the plane of this joint is the same as that of the scaphoid and 
astragalus. Hence partial amputation of the foot (Chopart's opera- 
tion) here is easy. But it cannot be done at one stroke of the 
knife, because the inner comer of the cuboid projects a little 
beneath the os calcis, to prevent it being dislocated upwards. 

Its anterior surface has two smooth facettes for the support of 
the fourth and fifth metatarsal bone& 

Its vntem<il surface articulates with the third cuneiform, and 
generally with the scaphoid. 

Its inferior surface is traversed by a deep groove for the tendon 
of the "peroneuB longus." The prominent ridge behind the 
groove, and the rest of its under surface, give attachment to the 
colcaneo-cuboid ligament. 

Hold the bone in its natural position, i. e, with the groove 
downwards, and the largest articular surface backwards : the groove 
will be on the side to which the bone belongs. 
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OSSA CUNEIFOBMIA. 

The cuneiform or wedge bones are placed at the front part of 
the tarsus, and are named the " inner," " middle," and " external ; ** 
or first, second, and third, according to their position. Behind 
they articulate with the scaphoid ; in front with the three inner 
toes, respectively. The bases of the second and third are towards 
the dorsum of the foot, but the base of the first is turned towards 
the sole, in order to form one of the buttresses of the transverse 
arch of the foot. 

First The first or internal cuneiform is the largest, 

Caneiform. because it supports the great toe. Anteriorly, it 
articulates with the metatarsal bone of the great toe by a slightly 
convex, kidney-shaped surface, with the long diameter verticaL 
Inferiorly, the base projects into the sole considerably below the 
others, in order to give broad insertion to the tendons of the two 
muscles which turn the sole of the foot inwards, namely, the 
" tibialis anticus " and " posticus." Externally, it is slightly con- 
cave, and articulates with the second cimeiform bone and the 
second metatarsal bone : internally, it is convex, and has a little 
smooth sur£Eu;e, over which the tendon of the "tibialis anticus** 
plays. 

Hold the bone with the base downwards, and the kidney-shaped 
surface forwards : the concave side will be turned towards the foot 
to which the bone belongs. 

Second The second or middle cuneiform bone is not 

Cuneiform. qj^\j the smallest of the three, but does not reach 
so far forwards; consequently the second metatarsal bone, which 
it supports, is more deeply set in the tarsus than any of the others. 
This is a point to be remembered in the operation of removing 
the metatarsal bones (Hey's operation). It has on each side an 
articular surface for the other wedge bones. The articulation on 
the external side runs vertically along its posterior half; that on 
the internal side rims horizontally along its upper half. It is one 
of the peculiarities of these wedge bones of the foot that intervals 
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are left between their sides for the interposition of the interosseous 
ligaments which rivet the bones together. 

Hold the bone with the apex downwards, and the narrowest side 
of the base forwards : that side which has the vertical articular 
surface will look towards the foot to which it belongs. 

Third The third or external cuneiform bone articulates, 

Canciform. externally, with the cuboid ; internally, with the 
second cuneiform and the second metatarsal ; anteriorly, it supports 
the third metatarsal on a triangular surface. 

Hold the bone with the apex downwards, and the triangular 
articular surface forwards: the rounded articular surface on one 
side will look towards the foot to which it belongs. 

Ossification of Each bone of the tarsus has only one centre of 
the torsal bones. ossification, except the OS calcis, which has two. 
Tlie OS calcis begins to ossify about the sixth month of foetal life ; 
the astragalus about the seventh month : the cuboid about birth ; 
the external cuneiform about the first year after birth ; the middle 
and internal cuneiform and scaphoid about the third or fourth 
year. The second centre of the os calcis is at the back part of it. 
It appears about the tenth year, and joins the rest of the bone 
about puberty. 

General obser- In the description of the astragalus, you will 
Yationfl on the remember it was stated, that when the foot sustains 
of the foot. *^^^ weight of the body, the a.stragalus sinks into 

its socket and presses the os calcis backwards and 
the toes forwards. The ligament under the head of the astragalus 
(calcaneo-scaphoid) yields a little by virtue of its elasticity; the 
arch of the foot falls in proportion, and the foot becomes in conse- 
quence about half an inch longer ; in some persons even more. 

There is, however, another beautiful adaptation which we must 
admire in the structure of the foot. When we stand, not only 
does the longitudinal arch of the foot yield, but the transverse 
arch yields also. The wedge bones and the metatarsal bones are 
connected by interosseous ligaments, which, being elastic, give a 
little, and thereby increase the transverse breadth of the foot. If 
you make a transverse section across the instep, that is, through the 
wedge bones, you will find that they are shaped, not like the stones 
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of a bridge, aa in fig. 40, but as represented in 
fig. 41. Their sides are not in apposition all 
the way down, but gaps are left between tliein : 
I these gaps are occupied by elastic liga^ 
ments, which permit a certain amount of 
separation between the bonea when the arch is pressed upon. 

So the foot becomes not only longer but broader 

, — I when we stand upon it ; and thus we gain a more 

/~V-* VVyy * \ fistensive base of support., combined with elasticity 

CJLD ^ Qjy of tread and power of adaptation to the ground. 

Suction to show the Ovj shoes Ought to be made so a^ to permit this 

fomi of the cnnti- natural play of the arches of the foot. It is easy, 

however, to see that the practice of wearing high 

heels alters the level of the piers of the arches. By raising one 

pietj i.e. the heel bone, we are always walking on an inclined plane ; 

we alter the mutual bearings of all the other bones; we throw 

more pressure than nature intended on the toes ; hence distorted 

feet, crooked toes, bunions, corns " et id genus omne." 



METATAESrS. 



The five metatarsal bones are named the first, second, third, &c., 
counting from the inner side. The first is the shortest and by far 
the strongest, since it supports the great toe. The second is the 
longest, and from this the others gradually decrease in length. 
All are slightly arched from before backwards ; but, in adiiition to 
this, the tliree outer, in most cases, incline a little sideways towards 
the great toe. The spaces between them are termed the "inter- 
osseous spaces," and gradually decrease in size towards the outer 
side. As the metatarsal bones are "long" bones, we speak of 
their shafts and their articular ends; the upper enti being termed 
the *' base," and the lower, the head of the bone. 

Like the correHiX)nding bones in the hand, the shafts of the 
metatarsal bones are triangular, for the more convenient lodgment 
of the interosseous muscles, and they gradually taper from their 
upper ends. 
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n,isea or upper Their boses articulate with the second row of 
^"*'*- the tarsus, and also, laterally, with each other; 

that of the firat excepted. ObBerve that the line of the tarao- 
metatar»&i articulations would be tolerably even but for the second 
metatarsal, which is jamhed iuto a recess between the ouneiform 
bones. 

Uead* or lover Their liea<le are convex, to fit into the cups of 
*"*'•■ the first phalanges, grooved above for the attaeh- 

ment of ligaments, and have lateral tubercles also for the attach- 
ment of ligamente. 

First The excessive strength and size of the first 

ni««««il. metatarsal bone is peculiar to man. It is the 

chief support upon which tJie body is meed by the great muHcles 

of the calf. Its baiie presents a kidney-shaped surface, which 

articulates exclusively with the internal cuneiform hone; and there 

M an impression on its plantar surface indicating the insertion of 

I -the " peroneua longus." Its heail is remarkably broad, to sup- 

lliwrt the ball of the great toe, and has on its under surface two 

>oves (separated by a ridge) for the play of the two sesamoid 



Hold the bone in its natural position, with the base towards you: 
e concave side of the kidney-shaped surface will look towards the 
■loot to which it belongn. 

Second The second metatarsal bone may be known by 

meiMursal. jtg triangular Hurface at the base for the second 

meiform bone, a small lateral facette for the first cuneiform, and 

[bur lateral facettes on its outer side ; namely, two for the third 

I cuneiform, and two for the third metatarsal bone. 

Hold the bone with the base towards you, and in its natural 
position : the four lateral facettes will be on the aide to which the 
hone belongs. 

Thinl The third metatarsal bone may be known by its 

meuuarsaL having two articular facettes on the inner side of 
e base, and one on the outer side. 

1 the bone with the base towards you : the single lateral 
sette will be on the side to which the bone belongs. 







Fourth The fovirth metatarsal bone may be known by its 

metatarsaL stjuare surface for the cuboid, and a, single lateral 
facette on each side. 

Hold the bone with the base towards you : the base will incline 
slightly to the foot it belongs to. 

FifUi The fifth metatarsal bone cannot be mistaken, in 

inet«tai»»L consequence of the great projection on the outer 
side of its base. The use of this projection is to give attachment 
to muscles and ligaments. 

Hold the bone with the base towards you : the projection from 
it will be on the side to which the bone belongs. 

Each metatarsal bone has two centres of ossification ; one for the 
shaft, the other for the head. The first metatarsal, however, has 
its terminal epiphysis not at the head, but at the Ijase, which is 
precisely the case with the metacarpal bone of the thumb. 

Pholanges of iha The phalanges of the toes resemble in number 
'""■ and plan the corresponding bones in the hand, 

which we have already described. Like the thumb, the first, or 
great toe has only two phalanges. That which is absent is the 
second phalanx. This is the case throughout the whole mam- 
malian class, provided it supports a nail, a hoof, or a claw, In 
subservience to its function of supporting the body, the great toe 
is not only the largest but the longest of the toes. The third toe 
is the representative of the chief part of the hind foot of the horse. 
The last two phalanges of the little toe are generally anchylosed 
in adults, in consequence of being cramped by tight shoes : so 
different from that free spreading of the toes which nature in- 
tended I 



MCSCLES ATTACHED TO THE SKELETON OF THE FOOT. 

Let us examine these in the order in which they are met with 
on dissection. 



ExteuoT comBittou digitonim i 



{O, Oater snrface of tibia ; ii 
I. luwmal rmicifbrm bone. 
f O. Head of tibia ; inner surface o 



fibula ; intet- 



(, I. Sci'ODil and tiiird ]ihalangca cf ihc toes. 
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■p., „ _■ _ „. - rO. Inner BDrTacc of fibula 1 mterotsconi mombraac 

' "^ ' LL I,iisl phnlanit of grcal IOC. 

^^^^ -_, , „• CO. Inner snrljico or the fibala. 

^^H reroncuatmioB .^ Mmalanal bona of little Wc. 

P^M^lon™ rO. 0..«.prf«ofib.SWi 

* \ I. Mctatanal bone of ihc greal too, 

I n L_ ■ r O. Onlcr Borrace of the fibuln. 

^_ r...o.t«. bmta |, MotU^il booe otlbe little to» 

^^^^P OK THE BACK OF TOE LEO. 

^^^^ n.Mw. -„.™ ■„. f f. Back part of ihc condyles of ftmur. 

t Gawro-cnetmtw j^, Back ^ of the o. adcii (icndD AchiHi.). 

m . . f O. AlMiva Iho external condyle of femur. 

"^'"" II. Join. ihB tcndo Achaiifc 

{O. Oblique riilpre aid inner edge of tibiu ; posterior 
surface of fibula. 
1. Joins ihe lendo Acbillis. 
n» ^, i™«.. J ..;.^™™ r O. Posterior Bur&ce of libia, 

I Flexor longns d.g.loniin ^j_ Bfl« of tbirU phalanges of the four outer to«- 
wi^n.i „„„. ,..,iii„i. /O- Tostcrior surface of fibula, 

r O. Posterior surface of tibia ; inner torface of fibula ; 
Tibioiia posticus 'j inicrosteous menibranc. 

[ I. Scaphoid bone. 
rO. Intcmai tubercle of oa cakia; internal annular 
.AibductOT pollicis 'j ligament. 

[ L Base of first pbalanx of great loe. 

... ... J. ... rO. ExWrnal tubercle, and under Borface of 08 calcis. 

Abductor nunimi digin j^j_ g^^ ^^ ^^ phthoj. of little toe. 

„, I - !• ■, f O' Under surface of OS calcis. 

Fleior brcvB digitorum ^ j_ Sides of the second phalange* of the four outer toca. 

171 ™ ...™.™i-. / 0- lonef. and "'so ooter surface of os colcis. 

Floior acccnorini |l Into the tendon of the long flexor of the toei. 

__ . ■ 11. ■ fO. Cuboid and third cnnmform bone. 

^^^ Flexor brens pollicis | ^ Both side* of base of liret phalanx of great toe. 

^^^^L fO. Cuboid bone and bases of third and fourth 

^^^^P Adductor pollids < metatarsal 

^^^^B 1^1. Inner aide of base of Grit phalanx of great toe. 

^^^" _, , ,,..,.... ro. Base of fifth metutareEl bone. 

I Flexor bre™ digit, minim. ... J^j^ Outer side of base of first phalanx of little toe. 

_. ,. ,. fO. Head« of the four outer m«Btaf»Bl. 

TraniverMlu. pedis ^j jj^ ^^^^ phalanx of great toe. 
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These are divided into the four dorsal and the three plantar. 
Observe that the dwsal arise from the opposite sides of the meta- 
tarsal bones, and are inserted into the first phalanges of the 9ecoDd> 
third, and fourth toes, so that they draw the toes from a stationary 
line supposed to run down the centre of the second toe. The 
plantar belong to the three outer toea, arise each from one meta- 
tarsal boue, and are inserted into the phalanges of the tliree outer 
toes, so that they draw to the stationary line alluded to. 



THE TUORAI. 



(PIolo XXXLt) 



General descrip- The thorax is the frarae-work which confa 
"""■ the heart and limge. The ribs with their carti-^ 

lages describe a series of arcs, euccessively increasing in length as 
far as the seventh, so as to form, with the spine and sternum, a 
barrel of a somewhat conical shape, broader from side to side thaa 
from before backwards. The lower aperture or base of the cavity 
is open in the skeleton, but closed in the recent subject by a thin 
flat muscle, called the " diaphragm," which separates the chest 
from the abdomen, and has openings for the passage of the alimen- 
tary canal and the great blood-vessels. This muscular partition is 
not flat, but arched, so that it forms u vaulted floor for the chest : 
by its property of alternately contracting and dilating, it can 
increase and diminish the capacity of the cheat. The spaces between 
the ribs are filled by the intercostal muscles. In each space there 
are two layers which cross like the letter X : the outer layer runs 
downwards and forwards : the inner, upwards and forwards. The 
upper opening of the chest gives passage to the trachtea, ccsophngus, 
and the great blood-vessels and nerves at the root of the neck. 





Such, in outline, is the frame-work of the cheat. Its walla are 
made up of different structure, — bone, cartilage, and muscle, put 
together so as to answer two apparently iacorapatible purposes. 
By their solidity and elasticity they protect the important organs 
contained in the chest; and by their power of alternately dilating 
and contracting, they serve as the mechanical agenU of respiration. 
They can enlarge the cavity of the chest in three directions: in 
heUjhl, by the descent of the diaphn^ni ; in width, by the turning 
outwards of the ribs ; and in depth, by the raising of the sternum. 



THS STERMCK. 



(Plate XXXrX.) 



The sternum (orf/JKiy, the breast) ia a long flat bone, situated in 
front of the chest, for the support of the ribs and the clavicles. In 
the adult male, it is irom sis tu seven inches long ; rather less in 
the female. Observe that its direction is not perpendicular, but 
slanting forwards, so aa to make more room for the heart and 
lungs: it is also much broader and thicker at the upper end 
(manubrium)", because this has to support the clavicles. 

We notice upon it four faintly- marked transverse lines, which 
are traces of the original division of the bone into five pieces. 
The most conspicuous of these lines corresponds with the insertion 
of the second costal cartili^e ; that is, at the junction of the manu- 
brium with the second piece. The first bono of the sternum has 
a notch on the top, so as not to press on the tracbsea. On either 
side of it is an oblong articular surface for the clavicle. In the dry 
bone, this surface looks flat ; but in the recent state, the Lncrusting 
cartilage makes it somewhat saddle-shaped, that is, convex from 
before backwards, and concave from alrave downwards. This kind 



* Tlie nernnin was compared bj tbe uicieiita lo a iword ; Ibe brotui ptrt was 
called " mnnubriutn," tho niiildli: part "mucro," ood thu cartilage at tbe end tbe 

"xipliojd" or"eMiform" cartilage. 
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of joint permits tlie clavicle to rotate as freely as the thumb does 
on its carpal bone. Although the end of the clavicle is so much 
larger than the surface on which it rotates, yet dislocation of it 
is exceedingly rare, owing to the great strength of the ligaments. 
To break the clavicle is much easier than to dislocate it. 

Each border of the sternum has seven notches in it for the 
reception of the seven true ribs. All of them, with the exception 
of the first, are situated at the places where the original pieces of 
the bone unite. In some instances there is a hole in the lower 
part of the sternum. 

Ensifonn carti- . The ensiform cartilage at the lower end of the 
^^S^- sternum generally remains unossified even at a 

great age. Its length and shape vary mucli in different persons. 
Sometimes it is bent forwards, or, it may be, backwards, and this 
especially in the case of workmen who hold tools against the pit of 
their stomach. Occasionally one sees it forked at the end. It 
gives attachment to a narrow aponeurotic band, termed the " linea 
alba," which descends along the middle line of the abdomen to the 
symphysis pubis, and is the answerable part of the sternum. 

The front surface of the sternum gives origin to the " stemo- 
mastoid" and the "pectoralis major." The inner surface gives 
origin to the " sterno-hyoid " and " stemo-thyroid," and to the 
" triangularis stemi." The inner surface of the ensiform cartilage 
gives origin to the " diaphragm." 

Ossification of Until about the middle of festal life, the sternum 
tlic sternum. is all cartilage. It is ossifie<l from five centres*, 

not simultaneously, but successively from above downwards, oppo- 
site the intercostal spaces. The five bones, thus formed, ultimately 
coalesce, the lower first, and so on upwards, — tlie reverse of the 
order in which they were ossified. Thus the fifth unites to the 

♦ Exceptions to this rule aro frequent. There may be two, tliree, or more centres 
for the first bone ; and, instead of a single centre, any of the other pieces may have 
two, placed side by side. However, the sternum is a good example of the uniformity 
of type in the construction of the vertebrate skeleton. Thus the typical form of the 
sternum seems to be that of a series of distinct bones, one placed between each pair of 
ribs in front, as the vertebrae arc behind. This, in many animals, is its permanent 
form. In man, it conforms to the type, in so far as it is ossified from several centres ; 
but, to suit his skeleton, these centres coalesce, and are ultimately reduced to three. 
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fourth about puberty ; the fourth to the third about the age of 20 
or 25 ; the third to the second about 35 or 40 : the second rarely 
unites to the first, or, if so, only in advanced age ; and even then, 
there is only a thin layer of bone externally ; the cartilage in the 
centre still remains. The reason why the union between the first 
and second bones of the sternum remains cartilaginous is to permit 
a certain amount of motion which facilitates respiration. In some 
subjects the line of junction is very perceptible through the skin, 
more especially in persons of a tubercidar diathesis. 



THE RIBS. 



(Plate XXXIX.) 



There are twelve ribs on each side ; the upper seven increase in 
length from the first, and are called " true " ribs, because they are 
fixed to the sternum by their cartilages. The lower five decrease 
in length from above downwards, and are called " false," because 
their cartilages fall short of the sternum. The cartilages of the 
eighth, ninth, and tenth ribs are connected to that of the seventh ; 
but the eleventh and twelfth are free, and are therefore called 
" floating " ribs. One sometimes, though rarely, meets with skele- 
tons with thirteen ribs, the 13th being a lumbar rib. This is a 
degradation. The Chimpanzee has thirteen ribs, but the same 
number of vertebrae as man. 

General charac- As an example of the general characters of a 
tereofarib. rib, let US take the fifth or sixth. In the first 

place, observe that the curve is not uniform. It is much more 
curved towards the vertebral end than elsewhere. Besides which, 
if laid on a table, the vertebral end will rise. It is plain in the 
skeleton that the vertebral ends of the ribs are higher than their 
sternal ends. If both ends had been on the same level, the 
sternum could not have been raised fonvarda in inspiration. 

r 
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The vertebraJ end or " hetiA " (fig. S) has two oblique mirfaces 
(with ail intervening ridge), which articulate with the sideB of the 
bodiea of two contiguous vertebne. The lower of these two sur- 
faces is always the larger. The head of the rib is the fulcrum 
upon which the rib moves, and it is wedged in, as it were, between 
two vertebrae, because it is less liable to be dislocated tlian if siip- 
ported by a single one; and moreover it has the benefit of the 
elasticity of the intervening fibro-cartilage. This, aa Paley 
observes, is the very contrivance employed in the Comoua iron 
bridge at Bishop's Wearmouth. 

Next to the head comes the " neck " of the rib. This is smooth 
in front, where it is covered by pleura, but rough behind for the 
attachment of a ligament (middle 
costo-transverse), which connects it 
to the transverse process by which 
the rib is supported, as is seen in 
the adjoining cut : again, the neck 
has a little ridge along its upper 
surface for the attachment of a second 
ligament (superior costo-transverae), 
which connects it to the transverse process aiove it. 

Extenm] to the neck is the " tubercle." It has a little facette 
which articidates with the transverse process supporting the rib ; 
and above the facette is the rougher part of the tubercle which 
gives attachment to a third ligament connecting the rib to the 
transverse process (posterior costo-transverse). 

External to the tubercle, the rib makes a sudden curve forwards, 
forming the "angle." Observe that the distance between the 
(uigle and the tubercle increases as we trace the ribs downwards, 
in order to make room for the great muscle of the spine (erector 
spiuEc). The angle, for obvious reasons, is the strongest part of the 
rib. It is either at the angle or near it, that the rib breaks when 
the chest IB compressed, for instance, in a crowd. In this kind of 
fracture — ue, by indirect violence — the broken ends project 
outwards, and are therefore Ifisa liable to injiure the pleura. I have 
seen 8 ribs broken, from the 2nd inclusive to the 9th, in con- 
Bcciuence of a squeeze ; all reuniteil by bone, without injury to the 
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pleura. But in direct violence — e.g. a kick by a horse — the rib 
breaks where it is struck, and the broken ends are driven inwards, 
and consequently are more liable to injure the pleura. 

The rest of the rib arching forwards from the angle along the 
side of the chest is called the " body." It is flattened from above 
downwards, like a bow. On its inner surface, near the lower 
border, is a deep groove for the intercostal vessels and nerve. 
Observe, the groove does not extend all along the rib : it begins 
about the angle, and is gradually lost before we come to the 
anterior end. The vessels and nerve are safe where they lie in the 
groove, but between the angle of the rib and the spine, and again 
in front of the chest, they are liable to be injured through the 
intercostal spaces. In consequence of this groove, the lower end 
of the rib is much thinner than the upper, which is thick and 
rounded. In the groove itself you will notice the orifices of the 
numerous canals which transmit blood-vessels into the interior of 
the rib. The ribs are the most vascular bones in the body : hence 
the rapidity with which they unite after a fracture. 

Bespecting the anterior end we need only remark that it is rough, 
and a little excavated to receive the costal cartilage. 

Peculiarities of The first, eleventh, and twelfth ribs have pecu- 
tho FIRST, BLETBirTH, liaritics requiring separate notice. 

The^rs^ rib is the most horizontal, the shortest, 
the most curved, the flattest and broadest of all, for reasons which 
speak for themselves. Its head has a single articular surface which 
rests on the first dorsal vertebra. It has the largest tubercle, and 
this is well supported by the transverse process. There is scarcely 
a trace of angle. On its upper surface, we notice two slightly 
marked transverse grooves about the breadth of a finger, indicating 
where the rib is crossed by the subclavian vein and artery. Against 
this surface the subclavian artery may be effectually compressed. 
The grooves are separated on the inner border of the rib by 
a '' tubercle " denoting the insertion of the " scalenus anticus." 
Behind this is the insertion of the scalenus medius. Lastly, there 
is no groove for the intercostal artery. 

It is an interesting fact, that the compact tissue forming the 

concave margin of the first rib is very much thicker than that on 

p 2 
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the convex side. The first rib is the strongeBt of oil : it has to 
Rtipport the manubrium eteroi and the clavicles, and to protect all 
the important parts at the base of the neck. Fracture of the 
fii'st rib ie a very rare accident ; but when it does happen, a moat 
serious one, because it is the starting point of all the other ribs 
in respiration, and because there are so many important vessels 
and nerves in relation with it. 

The elevmth and twelfth riba being shorter and less perfectly 
developed, are chiefly distinguished by their negative characters. 
They articulate with only one vertebra, do not touch the transverse 
processes, have no tubercle or groove. Each is tipped with 
cartilage. On accoimt of their looseness they are seldom broken. 

Ossification begins very early in the ribs to protect the heart and 
lungs. There is one " primary " centre for the body, an epiphysis 
for the hea<i, and another for the tubercle. These epiphyses 
appear from the 15th to the 18th year, and uuite with the rest of 
the bone about the age of 23. 

Costal cabtii.ages. Kespectlug the Costal cartil^ea, we observe that 
they increase in length from above, in order to 
allow the requisite play of the ribs in respiration. Their great 
elasticity answers a double purpose. They act as mechanical 
i^ents of expiration by depressing the ribs, and enable the chest 
to bear great blows with impunity, A blow on the sternum is 
distributed over fourteen elastic arches 1 One can understand, 
then, why the chest is able to bear such tremendous blows 
with impunity; and this more especially during a full inspira- 
tion. During expiration the bones are less able to resist in- 
jury, because the muscles are not acting. Notwithstanding these 
beautiful provisions, the sternum is Bometimes broken, especially 
when the cartilages of the ribs are ossified. Dupuytren men- 
tions the case of a fireman whose sternum was broken by the fall 
of a piece of timber. The man was carried away, supposed to 
be dead. Coming up accidentally, Dupuytren replaced the sternum, 
and the man recovered. 

MKchaiiUm by We propose to demonstrate at present how the 
which the thonii (.jjggt is enlarged in the transverse and in the an- 
»]>inition. tero-posterior direction by the elevation of the ribs; 
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The spine, of course, ia fixed, and serves as a fulcrum for the ribs, 
which are the levers. 

At the moment of inspiratioD, the ribs, which you must remem- 
ber are oblique, are rMsed by the intercostal muscles. The centre 
of motion being at the spine, it je plain that the more nearly the 
ribs become horizontal, the greater will be the diEtance between the 
spine and the sternum. Thus let the line 
VV in fig, 43, represent the spine; the line '"" * ' 

S S the sternum ; a, b, c, three ribs in 
their oblique position ; and a', b', &, the 
same ribs elevated. It ia obvious that by 
nusing the rihs we increase at the same 
time' the antero-posterior diameter of the 
chest ; or, in other words, we increase the 
distance between the spine V V and the 
sternum S S, 

The same diagram proves, that vrhen 
the ribs are raised, the intercostal spaces 
are widened ; that is, a perpendicular let 
fall between two ribs ia longer when the 
ribs are raised than when they are de- 
pressed. ^ 

Now when the riba rise, they descrilw a kind of rotatory movement 
around an imaginary asis, as shown pjg. 44. 

at A B, fig. 44, which imitea their 
vertebral and sternal ends. In 
consequence of tliis rotation on its 
ends, the external surface of the rib 
which looks downwards and out- 
wards when at rest, takes a direct outward aspect when it is ele- 
vated. In this way the transverse diameter of the cheat is aug- 
mented. 

If the ribs were all of the same length, as in fig. 43, the projec- 
tion of the sternum, caused by their elevation would be equal all 
the way Aovro. But since the lower ribs are longer than the upper, 
it follows tliat the sternum will be projected more and more as we 
descend &om its upper end. 
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Ne^ come the queations, how are the ribs raised, and how are 
they depressed ? They are raised by the external intercostal muscles 
(which run obliquely downwards and forwards) ; they are depresseil 
by the internal intercostal miiscles (which run obliqiiely upwards and 
forwards). These facts are proved by the following dif^ram : — 

Let V V repre- 
^'°- *^' sent the spine, 1' 2' 

two ribs in a Btat« 
of obliquity or rest, 
and a' a fibre of an 
external intercostal 
muscle. Now when 
the fibre a' contracts, 
it shortens itself : 
but this shortening 
cannot take place 
tmleas the ribs are 
at the same time 
brought more into 
the horizontal line, 
as shown at 1, 2 ; in 
other words, unless they are raised ; therefore the external inter- 
costal muscles are iriepiratory muscles. 

The same kind of demonstration proves that the internal inter- 
costal muscles depress the ribs, and are therefore expirato-ry 
muscles. For let t be a fibre of an internal intercostal mosclt: 
extended between the ribs 3 and 4 in a state of elevation, it is 
easy to see that, when the fibre b contracts or shortens itself, it 
cannot do so without bringing the ribs into a more oblique position, 
as shown at 3' and 4'. That the fibre b' must be shorter than the 
fibre b may be proved by a pair of compasses. 
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UlTSCLEti ATTACHED TO THE CHEMT. 



■■{:■ 



Front (urfnce of stcmum { stcmol half of cla- 
liclei cartilages of all true ribsbul first and laet. 
Onter eiige of bicipital groove of humtrua. 



i 



ro. I 



ro. Anterior half of creat of ilium. 
IS abdominis . ^ L Bj digilations into sight or 
I. linoa alba J spine of pubea. 



iO. Upper and front part of stcrnnm ; ncmal iLird 
L Mi^d"^p^roce8s of teuporal bone; aupcnor 
cnrred lino of occipat 
„,_.., r 0. Behind first bone of sternum. 

Slcmo-hjoid |j_ Bodjofthcoe-hyoiJcs. 

c...^.._.h._:.i J" 0- Behind first bone of stemtmi. 

Slemo-thjroid ^j_ AJongride of thjroidcanilaee. 

Suh^lavin. i*^- CartUage Of fint rib. 

tjuto-claTina ^j_ Under surface of claTJcle. 

f 0. TransyErae procesees (anterior tubercles) of third, 

ScaleDuB anticoa i fourtli. lifth, and aixdi cervical rertubrK. 

Ll Tubercle of first rib, 

{0. TronsTerse procelse* (poatorior tuberclca) of six 
lower cerrical voricbriB. 
1. BiDdi:r part of first and second ribs. 



Bectus abdominis . 



Tranercrsulia abdominis . 



(0. Great of the pubea. 
I. Filth, sixth, and seventh costal cartilages. 
iO. Anterior ] of crcit of jliota ; outer { of crural 
t Lower border* of the three or four lower riba i 
lineaolba; crest of pubea. 
fO. Outer ( of crural arch ; anterior | of crest of 
ilium ; tranaTerse processes of lumbar vertebriD ; 
inner surface of the six or seTen Lower ribi. 
I. Linea alba ; crest of pubea. 
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SO. Ensifonn cartilage; biz lower ribs; lig&menta 
arcuata*; bodies of three upper lombar vertebne. 
L The central tendon, 

{O. Crest of iliam ; Oio-lnmbar ligament 
L Last rib ; transverse processes of foar lower lum- 
bar Tertebrse. 



INTEBCOSTAL MUSCLES. 

These muscles occupy the intercostal spaces^ and are attached to 
the margins of the ribs. There are two layers, crossing like the 
letter X. The external layer begins at the tubercles and stops at 
the cartilages: its direction is downwards and forwards. The 
internal layer begins at the angles and extends to the sternum : its 
direction is upwards and forwards. 

a\.u«»„i«*:<i -♦««: f 0« Inner surface of sternum. 

Triangularis sterm ^j^ Cartilages of second, third, fourth, and fifth ribs. 



MUSCLES OF THE BACK. 
(Plates XLIL to XLV.) 

The plan we propose to adopt in the description of the muscles 
of the back is to take^ first, the more superficial muscles connected 
vrith the arm. When these are removed, we bring into view the 
great muscles of the spine, which fill up the vertebral grooves, and 
keep the body erect. Lastly, we have the mass of muscles at the 
back of Hie neck which are attached to the occipital bone. 

* The ** ligamenta arcnata" are shown in Plate XLI. The inner of these two 
arched ligaments extends from the body of the first lumbar vertebra to its transverse 
process ; the outer extends from the transverse process to the last rib. 
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THE SUPEBFICIAL MUSCLES OF THE BACK. 

These are shown in Plate XLII. The most superficial is the 
trapezius," a triangular muscle of which the limits are defined by 
the continuous dark line. The other wide-spreading superficial 
muscle is the " latissimus dorsL" Under the trapezius we have 
the " rhomboideus " and the " levator anguli scapuke " (shown in 
Plate XLIV.). 

"O. Occipat: ligamentum nnclue: spines of all the 

donal TertebiVB. 
L Spine of scapula: acromion, acromial third of 
clavicle. 

' 0. Crest of the ilium. Spines of all the lumbar, and 
six lower dorsal Tertehne, and by digitationi 
from the three lower ribs. 
I. Bottom of bicipital groove of humerus. 

CO. Spines of last cervical and five upper dorsal ver- 



Trapezius. 



Latissimus dorsi •• 



Bhomboideu8(major and minor) < tebrae. 

(.L Posterior border of scapula. 

ro. Transverse processes of four upper cervical vcr- 

Levator anguli scapulas < tebrss. 

(^ L Upper angle of scapula. 



When the preceding muscles are removed, we have still to take 
oflf the " serratus posticus superior " and " inferior." Understand 
these belong neither to the arm nor the spine, but to the ribs. 

{O. Spines of last cervical and three upper dorsal 
vertebrBB. 
L Second, third, and fourth ribs. 

{0. Spines of two last dorsal and two upper lumbar 
vertebnc. 
L Four lower ribs. 

We come now to the great muscles of the spine concerned in 
keeping the body erect. These are considered to be complicated : 
the truth is, they are verjt simple, provided the plan of their 
arrangement be fairly attended to. An attempt has been made to 
bring out the plan in Plate XLIII. 



MrsCLES OF TUB BACK. 



if ! i 1 

- ■a J I J 

i i -• I ^ 

I i :S I J. 

lllll 



I I i i s 
- 3 3 a s 



■ ■S.I 

I I 

■%.i 

« s; sa 



I g I ■- -3 



ll 



S?i 



■IBs 

J= i I ■ 



II 



t 

1 
! S 

™ ^ t 
I |i 

i r 



III 

III 



III 



11 



11 I J 



I I a 






!P| 



&'& ! 



- -S "• 6 a »• 
§■■83145 

:a I •! ? !^ i 

s .1 i- » I i 
I i s I .^ * 

m _ a S _ a 



II ill g 

S .s •« S- 





fnlrcrtran.vBt-sn,I^s 



Interaploali 



Tbit' tui3erclc(A/'0.pcjpliysi 




Anapujjh; 



LaatDorsol vertebra.. 



MUSCLES IN FRONT OF TU£ SFINE. 219 



MUSCLES OF THE BACK OF THE NECK. 

(Plate XLV.) 

We make a separate group of these^ because they are specially 
intended to maintain the head erect, and to move the first upon 
the second vertebra. The " trapezius " being reflected, we come 
to the " splenius," and beneath that to the " complexus." 

{0. Spines of fcmr cervical and six dorsal vertebne. 
L Mastoid process and occipital bone ; transverse 
processes of three upper cervical vertebras. 

{0. Transverse processes of six donal and articolar 
processes of four cervical vertebrss. 
L Occipital bone. 

The above muscles being reflected, we expose the muscles of the 
atlas and axis; namely, the ^^ rectus capitis posticus major" and 
" minor," the " obliquus superior " and " inferior," and the " rectus 
lateralis." 



axis. 



Rectus capitis posticus major . {0- ^^.;;Jt'nf 

Rectus capitis posticus minor .[O. gj^- ^^^^^^ 

Rectus capitis lateralis f p. Transverse process of atlas. 

^«%^..U0 v,»| i»o iawi<u» -^ J Jugular emmence of occipital 

rvLi: „ ^^ji^ f O. Transverse process of atlas. 

Obbquus supenor |i^ Occipital bone. 

Obliquus inferior f O. Spine of the axis. 

^ \L Transverse process of atlas. 



bone. 



MUSCLES IN FRONT OF THE SPINE. 
(Plates XLYL and XLVIL) 

There are only three pre-vertebral muscles in the cervical 
region ; namely, the " rectus capitis anticus major " and ^* minor," 
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and the " longus colli." In the lumbax region we have the right 
and left crura of the "diaphragm," the "psoas magnus," and 
occasionally a " psoas parvus." 



O. Traxunrerse processes of third, fourth, fifth, and 
Rcctas capitis anticas major ... '^ sixth cervical vertebrae. 

L Basilar process. 



. f' 

ijor...< 

u 

'D^*.*^. ^»^u:^ ..,*:^». ».:..^. f O- Transverse process of atlas. 
Bcctus capitis anticus minor ... | j^ ^^jj^ ^^^^ 



The "longus colli" consists of a longitudinal and an oblique 
portion. The louffUvdinal part flriaes from the bodies of the 
three upper dorsal and two lower cervical vertebrae, and is inserted 
into the bodies of the second, third, and fourth cervical vertebrae. 
The oblique part arises from the transverse processes of the third, 
fourth, and fifth cervical vertebrae, and is inserted into the tubercle 
of the atlas. Other oblique fibres arise from the bodies of the 
three upper dorsal vertebrae, and are inserted into the transverse 
process of the fifth cervical vertebra. 



rO. Right cms from four lumbar vertebrae, left from 

Diaphragm \ throe. 

(, L Central tendon. 

f O. Bodies and transverse processes of all the lumbar 

Psoas magnus < vertebrae. 

tl. Trochanter minor. 

P-asparva. [^ ^^'S^"^'"'" 



OS HYOIDES. 
(Plate XLVin.) 

The 08 hyoides, so called from its likeness to the Greek letter 
Upsilon, is situated between the larynx and the root of the tongue. 
When the neck is in its natural position, it can be plainly felt on a 
level with the lower jaw, and about one inch and a half behind it. 
It serves to keep open the top of the larynx, and for the attach- 
ment of the muscles which move the tongue. 

It is divided into a " body" or front partj and into a "greater" 
and a " lesser comu " on each side. 



! 



Os-kyoides 




3tj-lp-kyoideiis] 

ond Di|osernusj '1^^^^^^^^. ...Body 

Oino-liyoid«ia ■■■,.. ■■'' 

Sfe rno- hyoi dflua 

Attodiment of ■niyro-Vyoid lig*i '-Encavotion fer 'ni)TBiJ ea.-hla^ 




Ant'onnulor ligament 

ArcK of tKe Carpus 



SccLphoiiies. 




Caleaneo- seo-pKoid liiarnent.' 

Sustentticulum A33.lv 
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The " body " is the thickest and strongest part. Its wpper sur- 
face is marked by the impressions of the muscles attached to it. 
There is generally a transverse and a perpendicular ridge. Often 
there is a little projection from the middle^ which is interesting as 
a rudiment of the process to which is attached the lingual bone of 
animals, which runs into the substance of the tongue. Its under 
surface is slightly excavated, as seen in fig. 2, which shows a trans- 
verse section through the centre of the body. Observe, this hollow 
is not for the attachment of muscles, but for the purpose of making 
room for the thyroid cartilage to rise behind the os hyoides in 
deglutition. It is a rudiment of the great cavity which forms the 
drum in the hyoid bone of the howling monkeys (mycetes). Ob-^ 
serve, moreover, that the plane of the body is nearly horizontal, 
and that the thyro-hyoid ligament is attached to its posterior 
border. 

The greater comu projects backwards about one inch and a half, 
not quite horizontally, but with a slight inclination upwards, and 
terminates in a blunt end tipped with cartilage. Until the middle 
period of life, the great comu is united to the body by cartilage ; 
but this ossifies in the progress of age. 

The lesser comu is not much larger than a barleycorn, and pro- 
jects backwards at an acute angle from the junction of the body 
and the greater comu. It articulates with the body by a little 
joint, and is freely movable : the stylo-hyoid ligament is attached 
to the end of it. 

The many muscles attached to the hyoid bone are shown in the 
plate. 

The OS hyoides is connected to the thyroid cartilage by three 
ligaments, which contain a large quantity of elastic tissue. These 
ligaments are: — 1. The antetnor thyro-hyoid (Plate XL'^^II. a, 
fig. 1), which proceeds from the pomum Adami to the upper part 
of the body of the os hyoides. 2. The two posterior thyro-hyoidy 
which extend, one on each side, firom the end of the great comu of 
the OS hyoides to the superior comu of the thyroid cartilage. The 
vacant space left in the dried preparation between the hyoid bone 
and the thyroid cartilage is closed in the recent state by the thyro- 
hyoid membrane. 
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The bone ia ossified from five centres — one for the body, and 
one for each of its four lioma. 



OESERAL SmVEt OP THE SKELETO!f. 

Let ua now take a general survey of the skeleton, and observe 
how admirably it is adapteti to the erect attitude. 

1, When a man stands erect, a transverse plane (a b) falling from 
Pig ^g the top of the head passes through the occipito-aUan- 
toid, lumbo-sacral, sacro-iliac, hip, knee, and ankle- 
joints; in a word, through ail the joints which traaamit 
the weight to the ground. This explains why a man 
can carry a weight on the top of bia bead easier than 
in any other way. 

2. The foramen magnum and the condyles of the 
occiput are nearly horizontal, and advanced almost to 
the middle of the base of the skull, so that the head 
may be nicely balanced on the cups of the atlas. 
True, there is a slight tendency in the head to drop 
forwards, but this is compensated by the great strength 
of the muscles which keep the head erect, Contrast 
the position of the condyles in the hiiman skull with 
that of the ourang outan, in which the condyles are 
not only placed nearer to the back of the bead, but 
obliquely, so as to make an angle of 40° with the 
horizon. Tlie loirer we go in the scale, the greater 
is the contrast. In the horse, for instance, the plane of 
the condyles and foramen magnum is vertical. In this, and all other 
herbivorous quadrupeds, the weight of the head is sustained, not by 
muscular power, but by an enormously strong and elastic ligament 
(ligamentum nuchEe, or pack-wax), which extends from the lofty 
spines (withers) of the dorsal vertebne to the crest of the occiput, 

3. The face is placed perpendicularly under the cranium, so 
that the plane of the face and forehead correspond, ami this cha- 
racteristic of the " human face divine " is the form best adapted 
for the erect attitude. If naan went on all fours, he would 
habitually see and smell nothing but the ground. As it is, the di- 
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rection of the orbits is horizontal, and therefore gives the greatest 
range of vision; and the direction of the nose gives the greatest 
range of smelL We are all reminded here of the beautiful 
lines — 

" Pronaqac dnm ipeotant anuiulia oMor* terrwn, 

Os bomitii lublino dcilit, ctdiuiujiie lurri 

JoMit. M crocKM ud (idani Wllere mltiu." 



4. The thorax is much broader in the transverse tliui in the 
autero-posterior diameter, which is peculiar to Aan and the 
highest species of ape. This great breadth of the chest throws 
the arms further apart, aod gives them a more extensive range ; 
besides which it iliminisheB the tendency there would otherwise 
be in the trunk to fall forwards. Contrast this with the chest of 
quadrupeds, compressed laterally, and deep from sternum to spine 
in order that the fore legs may come nearer together, and bll 
perpendicularly under the tnmk. 

5. The vertebral column gradually iucreases in size towards the 
base. It is cxirved, which makes it all the stronger, and better 

' adapted to break and diffuse shocks; and these curve* wave 
alternately, so as to diatribute the weight advant^eously with re- 
ganl to the line of gravity. This line passes through all the 
curves, and falls exactly on the centre of the base. Observe, 
moreover, the length and size of the spinous processes in the 
lumbar region for the origin of the great " erector-spinse." 

6. The weight of the vertebral column is supported on a sacrum 
broader in proportion than in any other animaL Tlie iliac bones 
are widely expanded and concave internally, to support the viscera 
and give powerful leverage to the mu^les which balance the trunk. 
The whole pelvis is remarkably broad, so as to widen the base of 
support ; and the plane of its arch inclines so as to transmit the 
weight from the sacrum (or crown of the arch), vertically on to the 
heads of the thigh bone« : lastly, the deepest and strongest part of 
the socket for the thigh bone is in the line of weight : conse- 
quently, the joint is never more secure than in the erect position. 

With the broad and capacious pelvis of man, contrast the long 
' and narrow pelvis of animals, which, in place of forming an anglu 
with the spine, is almost in the same line wiUi it 



224 



GENERAL SPBVEV OP THE SKBLETON. 



7. Inr 



e longer 



3 proportion to the trunk, the lower limbs of rt 
than in any other animal, the kangaroo not excepted. Their great 
length prevents their being adapted for locomotion in any but the 
erect attitude. The femiir has a long neck, set on to the shaft at 
a very open angle, so that the base of support is rendered still 
vfider. The long shaft of the femur inclines inwards, bo as to 
bring the weight well under the pelvis, which is obviously of great 
advantage in progression : and when the leg is extended, the femur 
can be brought into the same line with the tibia; thus the weight 
ia transmitted vertically on to the horizontal plane of the knee- 
joint, and the articular surfaces of the bones are expanded to give 
adequate extent of support. 

8. The foot of man is broader, stronger, and larger in proportion 
to the size of the body than in any other animal : so that he can 
stand on one leg, which no other manunal can do. Ito strong 
component bones form a double arch of exceeding elasticity, which 
touches the ground at both ends, and receives the superincumbent 
weight vertically on its " crown." The great bulk and backward 
prolongation of the oa calcis at right angles to the tibia support 
the arch behind, and form a powerful lever for the great muscles 
of the calf, which raise the body in progression, and the bones of 
the great toe are proportionably strong, in order to form the chief 
support upon which the body may be raised. 

9. We Bee, then, that the whole fabric of the skeleton is adjusted 
80 as to exempt the upper limbs from taking any part in its support. 
These are kept wide apart by the clavicles, and Uieir component 
joints admit of the freest range of motion. The twenty-aeven 
bones at the extremity of each constitute those instruments of con- 
summate perfection, the "bauds," of which, even if formal disser- 
tations had not been written, one might well forbear to speak, 
since they have such eloquence of their own. " Nam oeterie partes 
loquentem adjuvant, hie, prope est ut dicam, ipsai loquuntur : 
His poscimus, poUioemur, vocaraus, dimittimus, minamur, suppU- 
camus, abominamur, timemus ; gaudiura, tristitiam, dubitationem, 
confessionem, penitentiam, modum, copiam, numerum, tempus, 
ostendimua." • 

• QuiDliliuQ, 



Tn LASTKZ. 



THE LABTNX 
(PUle XLTHL «.} 



The larynx is dtuated at the top of the trachsea or vindpipe. 
It answers a double purpose. It guards the opening through 
which the air passes into the lungs : it is the organ of the voice and 
of song. Its framework, which we now propose to examine, consists 
of five cartilages connected by joints and elastic ligaments in such a 
vay that they can be moved upon each other by appropriate 
muscles; the object of this motion being to act upon two elastic 
ligaments termed the "vocal cords, " upon which the voice essen- 
tially depends. The cartilages are named, respectively, the thy- 
roid, the cricoid, the two arytenoid, and the epiglottis. 

Tarxom cu- The thyroid cartilage is so named because it 
''"<'■■ shields the fine ^paratus behind it* It consists of 

two lateral symmetrical plates (alee), united in front at an angle 
which forms the prominence termed " pomum Adami." This pro- 
minence, which is greater in the male than in the female, has a 
" notch " at the upper part, as if a portion of the angle had been 
sliced off: the object of this is to permit the cartilage to rise with 
greater facility behind the os hyoides in the act of deglutition. It 
will be remembered that the body of the os hyoides is excavated 
for this express purpose. More than this, there is a bursa of con- 
siderable size to prevent friction between the surfaces. The bursa 
is practically interesting, because it may enlai^ and form a cyst 
in front of the neck. I have seen it lai^ enough to hold a pigeon's 
egg- 
Look at the outer surface of the ala of the thyroid cartilage 
(fig. 1). Observe that it has an oblique ridge, more or less marked, 
with tubercles at each end, indicative of the attachments of 
muscles. The ridge gives origin to the tbyro-hyoid and insertion 
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to tlie sternothyroid muscles. Behiml the ri<5ge is the origin of 
the inferior constrictor of the pharynx, which we trace down to the 
aide of the cricoid cartilage. The posterior border of the ala is * 
nearly verticai, and gives insertion to the stylo-pharyngeus. The 
mfeiwr border of the ala has generally two curves, and gives inser- 
ticm to the crico-thyroid inuscle. This muscle, observe, arises from 
the fflde of the cricoid cartilage ; consequently, when it acts, it draws 
the two cartilages together. 

The posterior part of each ala has two projections, termed ita 
"comua" superior and inferior. The superior cornu gives attach- 
ment to the posterior thyro-hyoid ligament. The inferior comu 
articulates with the cricoid cartilage. This is a perfect joint, pro- 
vided with a synovial membrane and ligaments. It is important to 
remember that the form of the joint admits of only vertical move- 
ment of the thyroid cartilage ; the axis of motion being a transverse 
line drawn through both joints. We shall presently see that upoa 
this movement depends the tuning of the vocal cords. 

So much for the outside of the thyroid cartilage. Now for the 
parts attached within the angle. To see them properly, one of tho' 
aire should be removed, as we have done in fig. 2. You then 
observe that the following objects are attached to the angle begin- 
ning at the top: 1, the anterior thyro-hyoid ligament; 2, below 
this, the apex of the epiglottis; 3, lower down, the falae vocal 
cords; 4, still lower, the true vocal cords; 5, below these, tha 
origin of the thyro-arytenoideus ; lastly, at the lower border of the. 
angle, is the attachment of the crico-thyroid ligament. 
CaicoiD cABTi- The cricoid cartil^e (Plate XL VIII. a) forma 

'-*°*- complete ring (whence its name) a little broader ia 

the aatero-posterior diameter than in the transverse. It is situated 
at the top of the trachaia immediately below the thyroid cartiloge.- 
Tbe ring is not of the same depth all round. Observe that it ia. 
narrow in front, and that from this part the upper border of the 
ring gradually rises, so that, behind, the ring is a full inch in ver- 
tical depth, and occupies part of the interval between the ahe of' 
the thyroid. This slope of the cricoid towards the front is obviously, 
for the purpose of permitting the vertical play of the thyroid. The 
interval between the two cartilages can be phiinly felt in the 
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middle line of the neck ; and in the adult it is about half an inch in 
iJepth. It is occupied by the crico-thyroid ligament, which connects 
the two cartilages. All that concerns this interval is practically 
interesting, because it is here that we perform laryngotomy. This 
opertktioQ consists in dividing the crico-thyroid ligament trans- 
versely close to the criooid cartilage, in order that the incision may 
be as distant as possible &om the vocal cords. 

Passing from the front towards the side of the cricoid cartilage, 
we notice the origin of three mui%les, namely— the crico-aryte- 
noideus lateralis along the upper edge (fig. 2); the crico-thyroid in 
the middle (fig. 1); and, lower down, a portion of the inferior con- 
strictor of the pharynx. 

At the back part of the cricoid cartilage (fig. 3) we observe on 
either side a broad excavation for the origin of the crico-aryte- 
noideuB posticus. Generally these muscles are separated by a slight 
vertical crest. At the top of the cricoid are the two small oval ar- 
ticular surfaces, one on each dde, for the arytenoid cartilages, 
which we shall examine presently. 

The side of the cricoid articulates with the inferior comu of the 
thyroid cartilage by means of a perfect joint, provided with a 
synovial membrane and ligaments. The structure of this joint per- 
mits the two cartilages to move upon each other, so that their 
opposite borders can be approximated by the crico-thyroid muscle, 
as before observed. It deserves especial attention, because the 
degree of this approximation regulates the tenraon of the vocal 
cords. 

Lastly, the lower border of the cricoid is horizontal, and con- 
nected to the first ring of the tracfaoGa by au elastic membrane. 

Abttekoid The arytenoid cartilages, so named from their 

cAUTiuoEs. resemblance to an ancient ewer {apvTcuva), are 

situated, one on each side, at the upper part of the cricoid (fig. 3). 
Each is somewhat pyramidal in form, with the apex above, looking 
towards its fellow, and slightly curved backwards. The apex of 
each is generally surrounded by one or two nodules of cartilage, 
termed the " cartilages of Santorini " or " comicula laryngis." The 
Iwise presents an oval concave surface, which forms a perfect joint, 
with a corresponding convex surface on the cricoid cartilaga This 

«9 
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joint has a loose synovial membrane and ligaments, so that the 
arytenoid cartilages admit of being approximated or eeparated, a. 
&eedom of motion which is essential to the dilatation and contrao- 
tion of the glottis or chink between the true vocal cords through 
which the air enterB the tracbiea. 

At the base of each arytenoid cartilage obBerve the anteri4)T 
tubercle to which the true vocal cord is attached, and the posterior 
tubercle, which gives insertion to two muscles, namely, the crico- 
arytenoideiia lateralis and the crico-arytenoideus posticus: more 
especially, notice that these muscles are inserted, not into the same 
aide, but into opposite sides of the tubercle ; the effect of which ia 
that they antagonise each other. 

Each arytenoid cartilage has three surfaces — a posterior, an ] 
anterior or eKtemal, and an internal. The posterior surface i« 
excavated for the attachment of the arytenoideus muscle (fig. 3), 
which crosses from one cartilage to the other, and fills up the gap 
between them. The anterior surface is also excavated, and com- 
pletely occupied by the insertions of the crico-arytenoideus lateralii . 
and the tliyro-arytenoideue muscles. The internal surface is fiat» ' 
looks towards its fellow of the opposite side, and contributes to. 
form part of the margin of the glottis. i 

Vocal coHri8,tnio The vocal cords are four elastic ligaments, two 
«Dd filse. on each side, extending horizontally backwards 

from the angle of the thyroid cartil^e to the anterior part of the 
arytenoid. The two lower are by far the most important, and are 
termed the " true " vocal cords, because, by their vibration, they 
produce the vsice; the two upper cords are called "false," because 
they have little or nothing to do with the voice. The precise' 
attachments of these cords are best seen in the dried larynx, in 
which all the surromiding soft parts have been removed, as shown 
in Plate XL\71I. a, fig. 2. You observe that the true vocal conJa 
are attached in front close together to the angle of the thyroid 
cartilage, about a quarter of an inch from its lower edge, and that 
they diverge as they pass backwards to be attached to the anterior 
tubercle of the base of the arytenoid. The false cords also proceed 
from the angle of the thyroid a httle higher than the true, to about 
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) strings of a violin ; they are onl^ free along the side? which 

e each other ; everywhere else the true cords are in contact with 
muscle, and the false with fat and cellular tissue. 

'Wha.t is the length of the true vocal cords? During life, their 
length is continually varyii^, to a slight degree, with the pitch of 
the voice; but, in the dead subject, we may say that they are about 
five-eighths of an inch in the adult male. In the several male 
lorynges which I have before me, the cords differ more or less from 
each other in point of length, though not more than one twelfth of 
an inch. These individual differences in the length of the cords 
make corresponding variations in the natural tone of the voice : 
cff. tenor, barytone, or bass. A deep voice coincides with the 
longer cords, and a shrill voice with the shorter. In the female 
the cords are about one fourth shorter than in the male. In boys, 
too, they are much shorter than in the adult ; hence the peculiar 
voice of hoys. At the age of puberty the cords lengthen with the 
development of the larynx, and the voice is said to break. 

Ventricles of In the perfect larynx there is a little recess on 
the Iar;i«. g(y,]j gjjg between the true and the false vocal 

cords, like a little side pocket. These recesses are called the 
" ventricles" of the larynx, and are best examined by cutting 
open the larynx. Their shape, depth, and situation ia repre- 
sented in the outline, fig. 47, (on the other side of this leaf) taken 
from a transverse perpendicular section of the larynx. Their use 
appears to be to allow free space for the vibration of the vocal 
cords, and probably to strengthen the voice. They are lined by 
the mucous membrane of the larynx, and the bottom of each is 
supported hy the thjro-arytenoideus muscle. The length of the 
ventricles from before backwards corresponds with the length of 
the vocal cords. Their greatest vertical depth is towards the front, 
which is the part represented in the section. 

The ventricles of the larynx are quite large enough to lodge a 
foreign body, such as a pea; and when an accident of this kind 
takes place, there is no rest for the patient until he dies, or the 
foreign substance is got rid of. A pill forced down a child's throat 
against its will has been known to catch in one of the ventricles, 
and occasitHi death, alter a few struggles, from spaam of the glottis. 
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EiMi dLOTTiDis. The term "rima glottidis" or"g!f>ttiH" is j 
plied to tlie interral or cMnk between the true v<m 




So;;ticiu show in g the Tcntriclcs 
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cords through which the air passes into and out of the trachfca. It is 
about one inch in length. Its boundaries (fig. 48) are formed by the 
vocal cords and by the arytenoid cartilages. The vocal cords form 
about the anterior two thirds, the cartilages about the posterior third 
pj^^g of the opening. The glottia^ 

admits of being made wider, or 
narrower, or may even be her- 
metically closed by the action of 
muscles which we shall ezomino 
presently. In a state of rest, it 
_ Arytenoid cnrtilngo. ia triangular in shape ; the apex 
_ Elastic ligament, being in front at the thyroid 
cartilage, and the base at the 
rftha glottis when _ cricoid between the arytenoid, aa 

shown in fig. 48, where the ary- 
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tenoid are cut through on a level with the vocal cordst But when 
the glottis is dilated, which it is during every inspiratioa by the 
crico-aryteooidei pofltici, it then becomeB iipear-sliaped as seen in 
tig. 50, During expiration the glottis gradually resumes its tri- 
angular shape or state of rest ; and this return to a state of repose 
is effected not by mtiscle, observe, but by an elafltic ligament shown 
in fig, 50, which draws tlie arytenoid cartilages towards the mesial 
line. We cannot but admire this beautiful provision. Tlie glottis, 
like the chest, is dilated during inspiration by muscular tissue; 
like the che^ also, it is contracted during expiration by elastic 
tissue, 

HrocLBs of the There are nine muscles to act specially upon the 
•"T"^ rima glottidia — four on each side, and one in the 

middle. The four on each side are the crico-thyroidei, the crico- 
orytenoidei postici, the erico-arytenoidei laterales, and the thyro- 
arytenoidei. The single one in the middle is the arytenoideua. 
These we must now separately examine. 

Crico-tbibou) Each crico-thyroid la a short and strong muscle, 
miisdes. Jt arises from the side of the cricoid cartilage, and 

is inserted into the lower border of the thyroid, including the lesser 
comu. Its action is to stretch the vocal cordsL It does this by 
depressing the thyroid cartilage. But the thyroid cannot bo 
depressed without increasing the distance between the attachments 
of the vocal cords, as ahovvn by the dotted line in the cut, fig. 4y. 
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Consequently the crico-thyroid muscles, when in action Tniwt 
elongate the vocal corda.. 

Crico-abytk- Each crico-aiytenoideus posticus arises from the 

BoiDEi FOBTici. posteHor part of the cricoid cartilage, and is inserted 
into the posterior tubercle of the aiytenoid. The muBcle is seen in 
action denoted by a wavy line in fig. 50. Its action is to dilate the 
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glottis. It does this by drawing the posterior tubercle of the 
arytenoid towards the mesial line, and therefore the anterior 
tubercle from the mesial line In this movement the arytenoid 
cartilage rotates upon the cricoid as it were upon a pivot. More* 
over, the arytenoid cartil^e in a lever of the first order ; the fulcnim 
or ideal pivot being intermediate between the power at the posterior 
tubercle and the weight or resistance at the anterior. The muscle 
in question is a most important one. It is a muscle of inspiration. 
It dilates the glottis every time we inspire. During expiration, 
when the glottis is restored to its state of rest, not by muscular 
action, but by an elastic ligament which we call the " crico-aiyte- 
noid, " marked in fig. 50, the muscle relaxes, and has time to 
rest. This alternate contraction and relaxation of the crioo-aryte- 
noidei postici is perpetually going on from the first moment of life 
till the last, 

CnieO-iBTTENOI- 



Each crico-arytenoideus lateralis arises from the 
upper border of the cricoid cartilage and is inserted 
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into the posterior tubercle of the arytenoid. Its action is to assist 
in closing the glottis as seen iu the cut, fig. 51. It does this by 
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rotating the aiytenoid cartilage in a way directly the reverse of 
the muscle last examined. 

Abttshoidbcti. The arytenoideus muscle arises from tlie back of 
one aiytenoid cartilage, and is inserted into the 
back of the other. PIat« XL VIII. fig, 3. Its action obviously is to 
clasp the two cartilages togetlier, and therefore to assist very mate- 
rially in closing the glottis. 

TBTRo-AKTn- Each of these muscles arises from the angle of the 
xoipu. thyroid and is inserted into the front surface of the 

base of the arytenoid. Their action is to relax the vocal cords, 
ance they tend to draw together the cartilages to which they are 
attached. Alore than this, they assist iu narrowing the glottis. 
But their special action appears to be that of bringing the lips of 
the glottis parallel to each other; that of placing them in fact in 
the " vocalising " position. The glottis must be made not only a 
very narrow chink, but its lips must be brought parallel to each 
other, before t 
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* . _ - . rCrico-thrroidei stretch Ihc rooil cords'! Eovem ibe pitch flf 

■*""^'"^"l_Tl'yro-ai7ienDidci relax tho vocal cords j the notes, 

rCrico-arytenoidel poHiid open Ac glottis ...l—^grn ,^ 

A«u,g..i.4™-3r''."..':;»::'.';!.}ci.„ ^ >,-,. ... j^.f ■.„ ,,.«] 

The epiglottis ia an elastic fibro-cartilage situated.'' 

Epiolottis- . , 1. 1 , ■ ■ 1 

at the base of the tongue, and projecting over the' 
upper part of the larynx like the flap of a valve. In &b^>e it? 
Guinewhat resembles the leaf of an artichoke. Ita apex ia attached! 
to the angle of the thyroid cartilage. Its ordinary position is per- 
pendicular, or nearly so, leaving the glottis free for respiration; 
but during deglutition the larynx ia raised, and the tongiie is d^' 
pressed, so that the epiglottis becomes horizontal, drops like a 
valve over the top of the larynx, and tends to prevent the entranco 
of food into it. This falling of the epiglottis is not produced by 
any special muscle; it is simply mechanical. 



THE ANATQHT OF THE EAR. ^ 

In describing the anatomy of this intricate and delicate organ, 
we propose to give first a general outline of its atnicture, and 
afterwards to go into the details of its several parts. 
General idea of In order to communicate a general idea of the 
the snbjocL organ of hearing, we have made the diagram, fig. 1, 

Plate XLVm. A. Referring to this diagram, we recognise the fibro- 
cartilage termetl the "pinna" of the ear, which collects the 
sonorous undulations of the air, and transmits them down the pao- 
Bage called the " meatus auditoriua extemns.'* This passage, which 
is about one inch long, a little contracted in the middle, aad 
slightly curved, with the concavity downwards, is closed at the 
bottom by a fibrous membrane (membrana tympani), fixed in 
groove in the bone, placed obliquely, and stretched, in all respects^ 
like the parchment of a drum, except that its outer surface ia a 
little concave. On the other side of this membrane is a stnoU 
chamber in the substance of the temporal bone, termed the " tym- 
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panum," or middle ear. Thia chamber is filled with air, which is ad- 
mitted through a tube (Eustachian tuhe) about an inch and a half 
long, leading from the back part of the nostrils into the front part 
of the tympanum. Thus, there is an e(|uilibrium of air on both sides 
the membrana tympani. The Eustachian tube probably performs 
the same oiBce for the ear as the hole which is made in the side of 
a drum for the necessary purpose of opening a commimication with 
the external sir. Opposite to the Eustachian tube, that is, at the 
Ijock part of the tympanum, are the irregular openings of the ma^oid 
cells, which also contain air. All these air cavities are lined by a 
continuation of the same mucous membrane which lines the passages 
of the nose. This explains the degree of deafness which is often 
produced by a common cold, or other disease of the throat, the 
Eustachian tube being temporarily obstructed by the swelling of 
its lining membrane. 

In the tympanum itself we find four little bones, called by 
names more descriptive of their shape than their oflGce — " malleus," 
" incus," " 08 orbiculare," and " stapes." These bones are connected 
by perfect joints, so as to form a continuous chain, surrounded by 
atmospheric air, across the cavity of the tjinpanum, and the miicoua 
membrane is reflected over them. The handle of the malleus at 
one end of the chain is attached to the membrana tympani, and 
the foot-plate of the stapes at the other end is attached to the 
membrane closing the " foramen ovale," an opening on the inner 
wall of the tympanum leading to the vestibule of the internal ear. 
Both ends of the bony chain, observe, are attached to membranes. 
Moreover, little muscles (laxator tympani, tensor tympani, and 
stapedius) are attached to the bones, in order to slacken or tighten 
the membranes. Besides the foramen ovale, there is another opening 
in the inner wall of the tympanum, called the " foramen rotuudum." 
It leads into the cochlea, and is also closed by membrane. Ho 
much for the tympanum. 

The internal ear, often called, on account of its intricacy, the 
" labyrinth," consists of the vestibule, the three semicircular canals, 
and the cochlea. All these parts are imbedded in the petrous 
portion of the temporal bone, liite passages cut out of a solid rock, 
[ence the great difficulty of exploring them. Bear in mind their 
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relative position. The vestibule is in the middle, the canals 
behind, and the cochlea is in front. This little chamber is \ 
properly called the vestibule, because it communicates with all 
other partsL You notice that it communicates, behind, with tH 
five openings of the seniicircular canals, in front, with the cochin 
on tiie outer side with the tympanum through the foramen ovi 
(occupied by the stapes), and on the inner side with the meat 
auditorius intemus, through which the auditory nerve enters ti 
ear. 

The cochlea is an exceedingly curious structure, in its outwa] 
form very like a snail's shell. It is placed eo that the base of tl 
shell corresponds to the bottom of the meatus auditorius intemi 
vdiile the apex points forwards and outwards towards the Eusb 
chian tube. It is formed by the spiral convolutions of 
gradually tapering tubes, or rather, by one tube separated 
two compartments by a longitudinal septum (lamina spir&Ufl 
composed partly of thin hone, but chiefly of membrane (in U| 
diagram the course of the septum is indicated by a dotted outline 
This septum is the most important part of the cochlea, because th 
auditory nerve expands upon it. It runs all through the tub 
except at the apex, where it suddenly terminates in a curved hool 
and leaves an aperture (helicotrema), so that the two portiofl 
of the tube may communicate. One portion of the tube (i 
vestibuli) opens into the vestibule ; the other portion (scala tym 
pani) leads into the tympanum through the foramen rotundum 
This foramen, observe, is open only in the dry bone ; in 1 
state it is closed by a membrane (membrana tjmpani secundaria] 
which therefore has the air of the tympanum on the one side 
the water of the cochlea on the other. Tlie central pillar of 
cochlea, round which the tube makes about three turns, is 
the " modiolus " or " axis." 

The semi-circular canals are three in numberj and called, 
their position, superior, posterior, and external. They are placed 
we know not why, in planes at right angles to each other like 
faces of a cube. Each canal forms the greater part of a circle, 
opens at each end into the vestibule. There should therefore b^ 
six openings ; but there are only five, since two of the canals havfi 
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&D Opening in common. Each canal has a dilatation at one end, 
termed the " ampulla," and the reason of this is to make room for 
a corresponding dilatation of the membranous canal within it upon 
which the auditory nerve expands. The ampulla, therefore, is the 
most important part of each canal. 

Next comes the question, what ia tbe purpose of all these curious 
and elaborate excavations in the petrous Iwne? The answer is, 
to form receptacles of water in which may float the delicate mem- 
brane destined to receive the terminal filaments of the auditory 
nerve. This membrane, as may be well conceived, is the very 
essence of the organ of hearing. It is to the ear what the retina 
is to the eye. Its arrangement is at once simple and interesting. 
In the vestibule and semi-circular canals it forms a continuous but 
closed sac, which copies pretty accurately the sliape of these ca- 
vities, without being in contact with their bony walls. The sac, 
with its tubular prolongations into the canals, is termed the 
" membranous labyrinth." It is bathed within and without by 
fluid. The fluid within is called the " endo-lymph," that without, 
the " peri-lymph." In the cochlea there is also a membrane, but 
quite differently arranged. Here it forms the larger part of the 
" lamina spiralia," which divides the tube into its two compart- 
ments. Though not a closed sac, still this membrane in the 
cochlea answers a similar purpose to that in the ve^ibule ; namely, 
it provides a stratum of membrane immersed In fluid for tbe recep- 
tion of tbe auditory nerve. 

The auditory nerve enters the ear through the meatus audltoritia 
intemus. At the bottom of this passage are a multitude of snmll 



pores, 



which transmit the minute subdivisioi 



f the nerve to their 
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respective destinations. Some are distributed upon the sac in tbe 
vestibule, some upon the dilatations (ampullie) of the membranous 
semi-circular canals ; others run down tbe axis of the cochlea and 
^read out upon the membranous part of its lamina spiralis. 

Now for the explanation, usually received, of tbe function of 
leee several parts. The waves of sound, collecte<l by the cartilage 
of the ear, pass down the external auditory passage, strike upon 
the menibrana tympani, and cause it to vibrate. These vibrations 
&re carried by the little bones across the tympanum to the 
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membrane which closes the foramen ovale, or opening into th( 
/ vestibule. This membrane, thus thrown into vibration, commu 

nicates motion to the water in the Iab3n:inth ; the filaments of tin 
auditory nerve receive the impression and transmit the sensatioi 
of sound to the brain. The vibrations of the membrana tympan 
no doubt excite corresponding vibrations in the air within th< 
cavity of the tympanum, which again communicates them to Hn 
membrane closing the foramen rotundum, and through this thai 
reach the cochlea. Here we have a ready explanation of the us4 
^ of the foramen rotundum and the membrane closing it : that i^ 

we have, interposed between'air and water, a tense membrane, whicl 
is the very best medium for transmitting, with increased intensity 
vibrations from one to the other. 



Having thus given a comprehensive sketch of the anatomy oj 
the ear, we proceed now to a more minute description of its com- 
ponent parts. It is, of course, taken for granted that the learner h 
already familiar with the anatomy of the temporal bone described 
at page 64. 

Meatus audi- This passage leads to the membrana tympanL 
TOBIU8 EXTBRNug. Its Qutcr third is formed by a tubular continuation 
of the cartilage of the ear ; its inner two thirds by the osseous canal 
in the temporal bone. The cartilaginous part is united by fibrous 
membrane to the rough margin of the processus auditorius. The 
cartilage, however, does not form a complete tube of itself; there 
is a slight deficiency at the upper part, completed by fibrous mem- 
brane. There are also one or two vertical fissures in the cartilage. 
The object of those breaks in the cartilage is to give greater 
freedom of motion ; but they are interesting practically, as explain- 
ing why collections of matter in the neighbourhood of the ear 
sometimes make their way into the meatus auditorius. 

The length of the meatus, measured from the middle of its 
external orifice to the middle of the membrana tympani, is about 
one inch and two or three lines. The anterior wall is about one 

' fourth of an inch longer than the posterior, in consequence of 

the oblique direction of the membrana tympani. 

j _ Tlie direction of the meatus is inwards and forwards. It de- 
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scribes a slight curve with the concavity downwards. Besides this 
general curve, the cartilaginous part is slightly curved with the 
concavity forwards, and the osseous part with the concavity back- 
wards. Altogether, the meatus has such a curious shape that it 
cannot be well understood without looking at a cast of it. Of 
many which I have before me, no two are precisely similar in 
shape. Every surgeon knows how difficult it is to see the whole 
of the membrane of the tympanum at one view : one can seldom 
see more than a part of it, however much the ear be dilated and 
pulled so as to straighten the outer curve. The narrowest part of 
the meatus is about the middle. Beyond this point we ought not 
to introduce the speculum. 

Insects sometimes find their way down the meatus and cause 
intense pain. I will adduce an instance related by Wilde*, if only 
to show how to dislodge them : ** I remember being out shooting 
with a friend, who, suddenly exclaiming ^Oh, an earwig!' and 
throwing aside his gun, fell on the ground, making the most 
piteous groans, and rolling about in agony. Suspecting that some 
insect had got into his ear, I procured some water from a ditch, 
and poured it into the meatus. While watching the result, a 
little animal, well known among anglers as the hawthorn fly, crept 
out, and my friend was instantly relieved." 

Membhana The membrana tympani is a thin, semi-trans- 

TTMPAin. parent, fibrous membrane, of a greyish colour, 

placed very obliquely at the bottom of the meatus auditorius 
extemus. Its direction is downwards, forwards, and inwards. The 
reason of this obliquity would seem to be to increase the extent of 
its surface ; so that every wave of sound reflected down the meatus 
must fiEdl upon it. Observation has shown that the perfection of 
the sense of hearing in mammals and birds bears a direct ratio to 
the obliquity and extent of this membrane. Its circumference, 
which is pretty nearly circular, is fixed into a groove in the bone 
so fine that it might have been traced with the point of a needle 
(Plate XLVni. A, fig. 2). This groove, however, does not form a 
complete circle : it is deficient at the upper part, where the mem- 
brana tympani is, more obviously than elsewhere, continuous with 

* Anral Surgery, p. 178. 
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the fikin lining the meatus. Those who are familiar with the 
development of the temporal bone will remember that the bony 
ring for the tympanum (tympanic ring) is an independent element 
of the bone, produced from a separate point of ossification, and that 
it remains for some time distinct in the fostus. From this ring 
the meatus auditorius grows externally, and a portion of the floor 
of the tympanum internally. 

The membrana tympani is not quite flat like the parchment 
of a drum, but slightly conical with the apex towards the tympa- 
num. This shape seems given to it by the handle of the malleus, 
which draws the membrane a little inwards. The handle of this 
bone can be seen through the membrane in the living subject, like 
a thin white streak, which ia not quite vertical, but inclines slightly 
backwards. 

I have many times found a hole in the membrane, &nd in casea 
where there haa been, during life, no defect of heaiing. This suffi- 
ciently explains why some persons can blow the smoke of tobacco 
through the ear as well as through the nose. 

Thin as it is, the membrana tympani ia very strong. It has 
three strata: an outer stratum, of cuticle: a middle, fibrous, upon 
which the strength of its texture chiefly depends ; and an internal, 
nmcous. The middle stratum ia composed of fibres, radiating ami 
circular, but no longer considered muscular. It is this coat which 
ia fixed into the bony groove, and contains in its very substance 
the handle of the malleus. The dermal atrattun ia oompoBed 
almost entirely of cuticle, continuous with that lining the meatus 
auditoriua. The mucous lining is continuous with the lining of 
the tympanum. The membrane is well supplied with blood by 
arteries derived from the atylo-mastoid and the internal maxillary. 
Tt«cpabum or ^o need not repeat what has been said already 

raid iile ear. about the tympauom, but pass on to examine 

what is to be seen on its several aspects. We describe, therefore 
its external aspect, it^ internal, its anterior and posterior, its su- 
perior and its inferior. 
External (wpcct. On the outer aspect of the tympanum there is 
the bottom of the meatus auditoriua, cloaed by the 
membrana tympani. 
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Intemttl aspect. On the inner aspect of the tympanum (Plate 

XLVin. A, fig.2) we see,— 1. The " fommen ovale" 

leading to the vestibule : this is open in the dry bone, but closed in 

the recent state by a membrane to which is attached the base of 

the Btapea. 2. The foramen rotundum : this in the recent state 

is alao closed by membrane (membrana fjmpanl Beciindaria), in the 

dry bone it leads to the tympanic scale of the cochlea.' 3. The 

promontory : this ia nothing more than the bulging of the first 

turn of the cochlea: its surface is marked by grooves for the rami- 

ficationa of Jacobson's nerve. 

Anterior Mpect, On the anterior aspect of the tympanum we have, 

1. The bony canal for the tensor tympanif (in the 

drawing, this canal is cut open^. 2. The Eustachian tube. 3. The 

orifice of the glenoid fissure which tranamits the lazator tympam 

and the corda tympani nerve.J 

Posterior Mpect. On the posterior aspect of the tympanum, we 

have, — 1. The opening into the mastoid cells. 

2. The pyramid — a small projection containing a minute canal, 
about the size of a bristle, for the lodgment of the stapedius muscle.§ 
The pyramid is always supported by a minute bony column, which 
extends like a flying buttress from its apex to the promontory. 

3. The foramen cordie. This minute foramen is a little below the 
level of the pyramid, and close to the groove for the attachment of 
the membrana tympani. Introduce a bristle into it, and you will 
find that it leads into the a<iueductus Fallopii. It transmits the 
corda tympani nerve. Now this nerve is a branch of the facial 
(which, remember, ia contained in the aqueductus Fallopii: see 
Plate XL VIII. C, fig. 4). It comes up through the foramen cordae. 



I* Scrictlj speaking-, the foramen rotBadnm, inlJudn/ bine, kada into the veatibtile 
at well as into the cochlea, 
f Jtut before ita (ecmioation in front of the foramen orolc, the bony canal of tho 
tensor Ijinpani makes a sudden cnrro onturarde in order to form a little pnllej for 
the tendon of the muscle within. In moat bonos, ibis part of the canal is broken, and 
> has the uppearance of a little »pooa — undo notncn. "proceMiw cochlearifonnis." 

X In Gvc timea oat of aix the corda tympani runs through ■ little conitl of ila own, 
cloae to and a little above the glenoid fitsuK : but this canal is of no practical momciit, 
nnd hnrdlj deserres a new oanio. 

S At the base of the pjrainid (but withio it) arc two minute canals which tTannnil, 

ta on uliirjr, the other a nerve, to the stapedius. 
— 
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runs, not across the tympanum, but acrosa the memhrana tympani, 
outflide the mucoua membrane, between the handle of the malleus, 
and the long process of the incus; it leaves the membrane through 
the glenoid fissure (or, rather, through a distinct canal of its own), 
and, joining the gustatory, eventually goes to the submaxillary 
ganglion. 

Boperior aspect. On the superior aspect of the tympanum is a 
thin plate of bone which separates the cavity of 
the tympanum from that of the cranium. This is an important 
relation. Ulceration commencing in the cavity sometimes destroys 
this tliin plate of bone, and occasions death by involving the dura 
mater and the brain, 

Inftrior Mpcct. The inferior aspect, or floor of the tympanum, ia 
formed by the jugular fossa, which lodges the ju- 
gular vein. A little in front of this fossa is the canal for the carotid 
artery, which is separated from the tympanum only by a thin scale 
of bone. The vicinity of these great vessels explains the Rudden 
and profuse hemorrhage which sometimes (though, happily, rarely) 
occurs from the ear when diseased. Professor Porter saw blood 
gush from the ear with a rapidity such as he never witnessed in a 
surgical operation,* Ulceration had extended into the carotid 
artery. 

In another case of sudden and profuse bleeding from the ear, 
Mr. Syme tied the carotid artery. f The patient died. Dissection 
discovered that the blood came from the lateral sinus, near the 
jugular fossa, the thin bony septum between which and the tym- 
panum had been destroyed by ulceration. Looking at the proximity 
of these large vessels, we cannot wonder that bleeding from tho 
ear, after injury to the head, makes one suspect the existence of a 
fracture through the tympanum. 

In the floor of the tympanum there are a number of minute 
holes, among which we specially note one as the upper opening of 
the canal for Jacob.son's nerve. The lower opening of the canal ia,' 
you remember, at the base of the skull on the little crest of bone 

• Gritres'8 CliliJeal Medicine, VuL I. 

t Edinburgh Monthly Jouniid, No. Ill A ease is recorded in the EiHnb. Med. 
and Surg. Jouruol, Ko. CXT. p. 319, in vhicb Mr. Sjme tied Ibo carotid for bemor- 
rhiise from the ear. The pftlient recovered. 
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which Heparat^s the jugular foasa from the carotid canaL The 
nerve in cjuestion is a branch of the glosso-pbaryngeah It enters 
the tympanum, and ramifies upon tlie promontory, forming wliat ia 
called the tympanic plexus. It supplies the mucous membrane of 
the tympanum. Its priucipal branches (which I need not mention 
here) are generally indicated hy groovea made for their passage on 
the promontory. In a preparation where there appeared to be 
neither groove nor nerve, I subsequently found the nerve lodged in 
a complete bony canal within the promontory. 

AqueductoB We must not leave the tympanum without no- 

^^"" ticing the aqiieduetus Fallopii, or canal for the fa- 

cial nerve which supplies all the muscles of expression. (Plate 
XLVIII. B, fig. 1.) Commencing at the bottom of the meatus 
auditorius iutemus, it runs for a short distance outwards, then turns 
horizontally backwards along the inner wall of the tympanum, just 
above the foramen ovale, and lastly, descending behind the tym- 
panum, emerges at the stylo-maatoid foramen. Its course suggests 
how liable the nerve is to be injured in fracture through the tem- 
poral boue, or in disease of the ear. While in this canal the nerve 
sends off three important branches, all to ganglia. ThetM I have 
endeavoured to show in Plate XLVIII. C, fig. 4. The first branch, 
the vidian, runs down the hiatus Fallopii to the spheno-palatine gan- 
glion ; the second, or le*ier petrosal, goes to the otic ganglion ; the 
third, or corda tj'mpani, runs with the gustatory nerve to the sub- 
maxillary ganglion. 

To assist the memory, I have arraoged the objects seen on the 
wall of the tympanum in the following tabular form ; — 



KtO. 52. 



g^ 1 i>caiii«. 




Aqui^iliicta) Fallopii. 

Cniml for tcnwir Ijmpnni. 
KiislHCliinn IqIm^ 
G1vri(ii(l fiasurv. 
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little boDM la the The four little bonea in the tympaaum are 
Tympaaum. drawn, larger than natural, but m their proper 

relative position, in Plate XLVIII. B, figs. 2, 3, 4, and 5. In fig. 3, 
you are supposed to be looking at them from the meatus auditorius ; 
in 6g. 2, from the iuside of the tympanum. The dotted line in 
each figure is intended to represent the outline of the membraoa 
tympani. 
Mallbcs. The malleus, or hammer, presents a head, neck, and 
handle. The " head " is the large round part above 
the membrana tympani. It articulates posteriorly with the incus, by 
means of a concavo-conves joint, crusted with cartOage, and provided 
with fjTiovial membrane. The " neck" is the narrow part which 
supports the head. From the front of the neck springa the " long 
process " (processus gracilis) which runs down the glenoid fissure^ 
and gives insertion to the "laxator tympani." It is generally 
broken in removing the bones: sometimes it is only ttgamentoua. 
The handle descends nearly perpendicularly from the neck, making 
with it an obtuse angle, which projects externally, and presses 
against the upper part of the membrana tympani. This angle is 
generally described as the " short process." Below it, the handle 
descends obliquely backwards, and ends in a slightly curved extre- 
mity (with convexity outwards), a little below the centre of the 
membrane. On the inner side of the handle, and below the pn>- 
cessuB gracilis, is inserted the tensor tympani. 

Incdi. The incus, or anvil, lies behind the malleus. It has 

a body, a short, and a long process. The body is convex, 
placed above the membrana tympani, and has a concavo-convex sur- 
face, which articulates with the head of the malleus. The "short 
process" extends horizontally backwards into the mastoid cells, and 
is fixed there by a ligament. The " long process" descends nearly 
vertically, parallel to the handle of the malleus, and, like it, is a 
little convex outwardly. Its apex articulates with the os orbU 
culare (fig. 5). 
Os Obbioduke. The little os orbiculare serves to connect the 

incus with the stapes. It is generally anchjlosed 
to the one or the other, more frequently to the incus. Hence 
many anatomists describe it a,B a mere process of the incus. But 
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I this optaioD it may be objected, thut in the fcetus tbere are 

wo distiuct little joints, each provided with a separate eynovial 

Tibrone, one for the incus, the other for the stapes, 

STATxa. The stapes, or stirrup, is placed horizontally, with 

the ba^ in the foramen ovale. It has a head, neck, 

Itwo branches and a base or foot plate. The head articulates by a 

■ OOncave eurface with the orbicular bone. The neck gives attachment 

behind to the stapedius (Plate XLVIII. C, fig. 2). The aaterior 

branch is generally shorter and less curved than the posterior; both 

are ^ooved, probably for lightness' sake, on their concave aides, and 

the interval is closed by mucous membrane. Tlie "base" is attached 

to the membrane closing the foramen ovale, and is similar in form. 

It is moreover firmly attached to the margin of the foramea by an 

elastic annular ligament, which allows the base to have a little 

motion. 

Of the four bones, the stapes is the most essential to bearing. 
Disease may destroy the others, and still the patient may hear ; 
but when the stapes falls out, the fluid in the vestibule escapes, and 
. inevitable deafness results. 

E All the bones in the tympanum are ossified at birth. More ihaa 
this, they are well developed at birth. I have before me the 
tympanic bones of an infant at birth, and those of a man who was 
seven feet high, and there is not much difference between them in 
point of size. 

Little maadM There are certainly three muscles ta move the 
moring the bone* bones in the tympantim, namely, the tensor 
in the trinpiuiiuii. , , - ■ ,. 

tympaui, laxator tympiini, and stapedius. (Plate 

XLVIII, C, Figs. 1, 2.) The laxator tj-mpani extt'mus is douhtful. 
TooMT ijmpanL Tho " tensor tympani " is a well marked muscle. 
It arises from the apex of the petrous bone, and 
from the cartil^e of the Eustachian tube, and is inserted into tho 
handle of the malleus, just below the processus gracilis. The 
muscle is lodged in the bony canal rtmning above and parallel with 
the Eustachian tube ; and when its tendon reaches the end of the 
canal, which forms a kind of elbow, it is reflected at a right angle 
to reach its insertion. From origin to insertion the muscle is 
enclosed in a strong fibrous sheath. The tendon slides within the 
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Rheatli, and has a synovial membrane. The " lax- 
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ator tympani " arises from the spine of the sphenoid 
Imne, runs up the glenoid fissure and is inserted into the processus 
gracilis of the malleus. Like the last it is surrounded by a sheatb. 

I have sometimea failed in finding this muscle. The 

" stapedius " arises in the canal of the pyramid. Ita 
little tendon coming out of the canal at the apex, is reflected out- 
wards and inserted into the posterior part of the neck of the stapes. 
AiiAt(.>misl« are not agreed about the precise use of the stjipediusL 
One of its aetions would appear to be, to tilt the stapes backwards, 
and thus diminish the pressure upon the fluid in the vestibule. 

So much for the tympanum and it contents. Let us now poes 
on to the internal ear or labyrinth, comprising the vestibule, semi- 
circular canals, and cochlea. And first of the vestibule, which we 
enter through the foramen ovale. 
Tebtibdlb. The vestibule is of an oval form with the larger 

end upwards, and the long diameter nearly vertical. 
In a well formed adult temporal bone which I have before me^ it 
measures about ^^ of an inch in the long diameter, and -^ in the 
short. Posteriorly, it receives the five openings of the semicircular 
canals and the opening of the aqueductus vestibuli ; anteriorly, and ni 
ita lower part, is the opening into the vestibular scale of the cochlea ; 
on its external wall Is the foramen ovale. In all, then, there ara 
eight openings into the vestibule. The internal wall of the vestibule 
corresponds with a part of the bottom of the meatus auditorin^. 
internus. I-^Mking attentively at this inner wall, m shown in 
Plate XLVIII. 1), fig. 3, we observe two shght depressions sepa- 1 
rated by a bony ridge: the upper of the two, is for the utricle, tJie 
lower is for the saccule. Utricle and saccule, as we shall presently 
explain, are distinct parts of the membranous labyrinth. These 
depressions (fossae), as well as the intervening ridge, are riddled with 
minute foramina, only visible with a lens, through which the Sib. 
ments of the auditory nerve enter the vestibule. We have at- 
tempted to represent the vestibule and its eight openings in the 
amiexed diagram, fig. 53. 

SEuiciBciii-AB The three semicircular canals are distinguished 
cwiw- according to their position, into the superior vet 
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al, posterior vertical, and external or horizontal. The superior 
f Terticai canal crosses the petrous bone at right angles, and stands 
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out in relief on ita anterior Burfnce. Its ampulla is at the outer 
orifice. The posterior vertical canal ia the longest of the three. It 

.na parallel with the posterior surface of the petrous bone, and 
ikes a little relief just above the aqueductus vestibuli. Its am- 
pulla ia at the lower orifice : its upper orifice joins the narrow end 
of the superior canal. The horizontal canal ia the smallest of the 
three ; ite ampulla ia at the outer orifice. 

CoomBi, The cochlea is placed so that its base ia at the 

bottom of the meatus aiiditorius intemua, ready to 
receive the auditory nerve. Its apes ia directed forwards and 
outwards close to the canal for the tensor tympoiii. It makes three 
coila which run from left to right in the right ear, and from right 
to left in the left.* Its first turn bulging into the t3mipaDum 
makes the "promontory" there. The outer wall of the coil is com- 
posed of ft lamella of very bard bone (lamina emema), like the 
semicircular canals ; the inner wall is formed by a layer of thin and 
frngile bone, (lamina modioli) in contact with the asis. Now the 
axis and the inner wall of the coil do not extend beyond the second 
turn ; the consequence of this is, that the third turn ia formed 
entirely by the external wall. The third turn therefore presents 
peculiarities ; and the best way to examine them ia to remove the 



* Most ■atbon describe onlj two ii 
tioo provM tbu Ihaie ua tbreo turns. 
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apex (cupola) of the cochlea, as we have done in Plate XLVIII. D, 
fig. 4. 

In this ilrawiag, you observe that the last turn fomiB a kind of 
half ftinnel, (infundibulum). At the apex of the funnel is the end 
of the modiolus, and the orifice of the canal which runs through the 
centre of the modiolus. Round the free border of the half funnel 
projects the hook-like termination of the lamina spiralis. All this 
is seen only io the dry boue. In the recent state there would be 
simply the aperture of communication (helicotrema), between the 
two scales of the cochlea. 

Of the two scales of the cochlea the vestibular is the more an- 
terior. At the lower part of the tympanic scale, near the beginning 
of it, is the minute termination of the "aqueductua cochlese." 
(Plate. XLVIII. D, fig. 3.) 

The lamina spiralis, or partition between the two scales, is the 
most essential part of the cochlea. It is composed of bone, fibro- 
cartilage, and membrane, arranged in successive spiral zones round 
the axis. As each of these is very elaborate in itfi structure, we 
must speak of them separately. Let us first point att«ntion to the 
bony part of the lamina, which ia all that we can see in the dry 
bone fig. 54. It commences at the lower part of the vestibule. 
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immediately above the foramen rotundum (Plate XLVIIL 1), 
fig. 3). From this, which is its broadest part, it gradually dimi- 
nishes in breadth as it winds roiuid the axis into the apex of the 
cochlea, and finally terminates like a little hook in the funnel of 
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the last coil. On the concave side of this hook is atuKted (in the 
recent state) the aperture of communicatioQ (helicotrema) between 
the two scales. Ifow, if you examine the lamina spiralis with a 
lens, you will fiDd that both its surfaces are furrowed by canals 
which give passage to the nerves before they reach the cartili^oous 
part of the septum. You will aUo observe, that it is composed of 
two very delicate and brittle plates which separate from each otlier 
at the axis. On these plates we notice the orifices of the camik 
just alluded to. In the tympanic scale, these orificee are separated 
by little columns of bone, which give rise to a fluted appearance, 
shown in fig. 54. These columns themselves are made up of 
bundles of little tubesj enclosing the filaments of the auditory 
nerve. 

The fibro-cartilaginous zone of the lamina spiralis cornea next to 
the bony. It is thin and transparent. On its convex or outer edge 
the cartilage appears to divide into two layers, leaving a little furrow 
between them, visible only from the vestibular scale. Of these layers, 
one is directly continuous with the membranous zone. The other 
projects like a little crest in the vestibular scale, and when ex- 
amined under the microscope, appears to be armed with a multitude 
of little points, like so many teeth placed side by side. Hence the 
cartilaginous layer has been called by some anatomists, "zona den- 
tata." M. Corti ", the last writer on the subject, describes a second 
row of teeth which run parallel with the first. Their design is 
still doubtful. 

But I will not pursue this part of the subject, because I have not 
investigated it sufficiently to enable me to judge for myself. As 
regards, therefore, the membranous part of the lamina spiralis, and 
the controversy, not yet settled, concerning the ultimate termina- 
tions of the auditory nerve, I must refer the reader to Kolliker's 
" Microscopical Anatomy." 

The axis (modiolus) of the cochlea is comcaL The base, which 
we shall examine presently, is at the bottom of the meatus audi- 
tonus intemus; the apex does not extend beyond the second turn 
of the cochlea, and joins the funnel formed by the last coil. The 
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axis is composed of brittle and porous boae, aad ite interior i^ tra- 
versed by numerous ctinals which transmit the cochlear nerves 
to the lamina spiralis. One canal, larger than the rest, run^ 
through the centre of the axis, and opens on its summit, that ia, at 
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the apex of the fiinneh IttrauBmite a nerve to the last turn of the 
lamina spiralis. 

Foramina ax ^^ meatus auditorius internua ia situated oa 

ihcboHomof the the posterior surface of the petrous hone;. Its 

meaiM aucliioriiu (lij-ection ia nearly horizontally outwards ; its leneth. 

inUTnna. . ,, r> • 

about three-eighths of an inch. Its diameter vtuies 

a little in different bones, but is always larger than that of the 
nerves which it transmits. 

The interval between the nerves and their bony canal is occupied 
by the cerebro-spinal fliud. In fractures through the base of the 
skull, involving the meatus, this fluid sometimes oozes out through 
the external ear. Whenever you observe this after an injury to the 
head, be on your guard. In thirteen cases of injury to the head ad- 
■ mitted into SL Bartholomew's Hospital, blood or watery fluid flowed 
from the ear. Of these thirteen, six died, and in all six the corre- 
sponding petrous bone was found fractured. In the seven cases 
that recovered, five had bleeding from the ear, and two only had a 
discharge of fluid. So that althougli a watery discharge be a very 
unfavourable symptom, it is not necessarily a fatal one. 
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By cutting away the greater part of the meatus, as we have done 
Id fig. 56., you will find tliat the bottom of it ia divided by a creat 
of bone into two compartments of unequal size, an upper and a 
lower. In the upper and araaller one there are two openings, of 
which the anterior is the aqucductus Follopii (transmitting the 
facial nerve) ; the posterior, when examined with a lens, presents a 
number of minute foramina which transmit the divimona of the 
superior vestibular nerve — the nerve, namely, which supplies the 
utricle, the superior and the external semicircular canab. 
Fio. S6. 
^ Aq»dM<ii> rtlloiH).' 



In the lower and larger depression, we observe the base of the 
axis of the cochlea, termeii "lamina cribrosa," because it has a 
double row of foramina arranged spirally, as shown in the cut. 
Now take any one of these foramina, which appear scarcely larger 
than the point of a pin, magnify it with a lens, and you will find 
that it becomes a fossa pierced by holes varying in number from 
three to seven. So fine are the canals which transmit the filaments 
of the cochlear nerve I In the centre of the lamina is the orifice 
of the central canal of the axis, which is the largest of all. Behind 
the lamina are two (sometimes three) openings leading to minute 
perforations which transmit the inferior vestibular nerve, or nerve 
to the saccule. Lastly, on the posterior wall of the meatus is the 
orifice of a very constant canal (represented by the dotted outline) 
which gives passage to the nerve of the posterior semicircular 
canal. 

Mkhbrahoub The membranous labyrinth comprises the two 

i4Bnii»Tu. mjig >,iadderB, termed the utricle and the saccule, 
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in the vestibule, and the niembTKiious semicircular cacals. It 
floats in the perilymph, and contains the endolymph. It Is repre- 
eeuted in fig. 57. 




The utricle occupies the upper half of the vestibule. It is very 
difficult to make a good disjjiay of it. The best way to examine 
it, is to remove very carefully the roof of the vestibide and that of 
the superior semicircular canal, and then to put the preparation in 
water. All the semicircular membranous canals open into it. It 
floats free in the perilymph everywhere except at the fossa 
(fosaa for the utricle), where it is retained against the sieve-like 
plate of bone through which the utricular nerves enter. 

The saccule is smaller than the utricle and situated below it, 
close to its appropriate fossa in the vestibule to which it ia 
attached by the saccular nerve in a way similar to the utricles 
Whether the utricle aud saccule communicate with each other ia a 
point not yet absolutely settled by anatomists. From the few 
observations which I have had the opportunity of making, my 
impression is that they do communicate. 

The membranous semicircular canals only fill about half the 
space of the bony canala; the remainder is occupied by the 
perilymph. The nerve destined to each membranous ampulla 
spreads out only upon that surface of the ampulla which is nearest 
to the tympanum. The nerve does not advance beyond the 
ampulla, but ramifies upon a crescent-shaped septum which pro- 
jects into the interior. The mode in which the ultimate nerve 
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fibres terminate, whether in loops or in free ends, is un- 
determined. 

Otoconia or car On the inner wall of the utricle and the saccule, 

powder. jygj^ ^^ ^jjg gp^^ where the nerveg spread out upon 

them, and nowhere else, ia a minute quantity of white powder, 
termed "otoconia" by Brescliet. Each particle of this powder, 
when viewed through a microscope, is a little prismatic crystal ; and 
appears to be in some way connected with the termination of a 
nerve filament. The powder in the human ear is but a rudiment 
of the ear atones (otolitUes) in certaia oeseoua fishes. 
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"We propose to give a dmple and comprehendve sketch of this 
subject, enough to excite the attention of the young anatomist, and 
iudnce him to pursue it further in the masterly monographs of 
Professor Owen." 

Importanco of I^t no one turn from the subject in the idea 
the Bubject lioth that it is abstruse. There is no mystery in it. It 
to nman an .^ ^j^^ ^^^ simple, because drawn from nature. To 
compnralivc anil- ' 

lomj-. say nothing of its extreme imjKirtance in the study 

of comparative osteology, it is absolutely essential to a right insight 
into the human skeleton. Of this a student may rest assured, — that 
however minutely he may have scrutinised the bones, be cannot 
understand them unless he knows something of the " Vertebrate 
Archetype." Without this knowledge, he ia like one who speaks a 
language fluently, but ia ignorant of its grammar. The " Arche- 
type" may be said to be the grammar of all osteology. 

It is incontrovertible that the skeleton in every animal is perfect 
as regards the final purpose to "be served. More tlian this, it is 
now an admitted truth, fairly proved by a long-continued and 



• On the Archetype and Homologic* of the Vorlebratc Skeleton, 
On the Katun of Limbi, Sro. 1849. 
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elaborate mvestigation of the facta of nature, that the ekeleton in 
all vertebrate animals is constructed upon one comvum pUxn or 
pattern. However much modified to suit particular requirement^ 
yet this plan or "Archetype" is never lost sight of, and maybe 
traced at the bottom of all the modifications. Here is another 
instance of design, pointing to the Ohe great cause of all oigani- 
sation. 

Gbberal iDEi Divesting the subject of technicalitieB as much 
oCihcsnbjecL Qg possible, it comes to this: — In all vertebrate 
animals the back-bone is made up of a series of segmentB termed 
" vertebrae," Each vertebra conaistB of certain " elements " which 
tally one with aDother throughout the whole length of the animaL 
One element, the "centrum," forms the axis for the support of 
the whole; from this other "elements," termed "processes" or 
" apophyses," ascend and unite to form an upper arch (^neura! 
arch) for the protection of the brain and spinal cord : other " ele- 
ments" descend and unite to form a lower arch (hiemal arch) for 
the protection of the great blood-vessels and other vital or;gana. 
Thus there result an upper and a lower (in man, a hind and fore) 
series of arches. The upper series form a continuous canal for the 
lodgment of the nervous system from the top of the nose to the raid 
of the tail. The lower series do not form a continuous canal ; it is 
complete in some parte of the body, but in others there are wide 
breaks iu it for particular purposes. For instance, the lower arches 
are complete in the back, where the ribs are prolonged, and unite 
with the sternal bones to mnke a protecting cage for the heart and 
lungs : in the pelvis, too, what have we but an enormous develop- 
ment of an inferior arch to form a fulcrum for the fixation of the 
lower limbs? But in the neck and loins the lower arches ore 
absent, or, at all events, merely rudimentary, — and for the obvioos 
reason, that they would impede the fimctiona of these parts. 

Skull composed of Passing on to the crnniiuu, we find that the skull 
Fona TBBTBBu^ itsclf is but a continuation of the back-boue, and 
that it consists of four vertebrte, or segments, which correspond to 
the four consecutive enlargements of the nervous system which we 
call the " brain." The upper arches of tliese four segments are 
enormously expanded, and unite to form the skull-cap for the prx>- 
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tectioQ of the brain : while the lower archea axe extremelj modified 
HO as to form the upper jaw, the lou-er jaw, the hjoidean arch, and, 
strange as it may seem, the scapular arch ; that is, the arch formed 
by the scapulae and clavicles. 
Meritof thia di»- "^^ merit of discovering that the cranial bones 
to lAom are composed of "elements" answerable to the 
" elements" of vertebne, is due to Lorenz Oken, 
a great comparative anatomist. It is a discovery which, according 
to Professor Owen, would alone have conferred immortality upon 
his name. "In August, 1806," says Oken, "I was travelling in 
the Hartz mountains. Walking through a forest, look! there lay 
at my feet a mohl beautiful blanched skull of a deer. I picked it 
up, gazed intently at it, turned it round, and the idea flasliod 
through ray mind. It is part of a vertebral column '"" 

Now if any two vertebrfe be taken from no matter what part of 
the body, and compared, it will be found that their component 
" elements," however individually modified in form and size, are 
nevertheless strictly " homologous ; " in other words, they are 
answerable elements, and may be described by common names. 
Thus, in the study of comparative osteology there is no necessity 
for retaining the individual name of this or that bone, since we 
have the immense advantage of a natural nomenclature which com- 
prehends the bones of all animals, 

TiMCAL T»»TB- After years of inductive research and compa- 
DBAondABcoKrTFB risou, ProfcssoF Owen has eliminated the "pat- 
Skelbton. jgj^n Qj, „ perfect typical vertebra." He has gone 

farther stilL By comparing the bones of one animal with those of 
another throughout the entire series, and guided by the light of 
reason, he has constructed the " Archetype Skeleton," the creature 
of reason, which may be referred to as the common pattern for the 
skeleton of every vertebrate animaL 

Professor Owen| defines a vertebra to be one of those "eeg- 
I ments" or natural groups of bones which constitute the axis of the 

I body, and the protecting canals of the nervous and vascular trunks. 
Such a segment may also support diverging appendages. Ex- 
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elusive of tliese, it consist^ in ibi typical completeneea, of the 
following eleiuenta and parts shown in Plate XLIX. 

A Centriim. 

Two Nbl'BAPOPhtses, so called because they form the sides of 

the iieuiul* arch for the protection of tiie 

trunk nerve. 
A Necral Spise (sometimee bifid), which completes the oeunl 

arch. 
Two Hj^uapoputses, so called because they form the ^des of the 

hcBinul'f arch for the protection of the prin- 
cipal blood-vessels. 
A K.SU&L Spine (sometunes bifid), which completes the haemal 

arch. 
Two PLBtmApOPHTSBflJ, or ribs, one on each dde of the centrum. 
Four ZyoAPOPHTS£S§, or articidar processes, attached two to the 

neural and two to the hiemal arch. 
Two DtAroPETHBs[, or upper transverse processes. 
Two PiR-U^PiirsES II, or lower transverse processes. 



Of these elements, the zygapophyses, the dia- Mid parapophjses, 
are termed " exogenous," because they are, strictly speaking, out- 
standing procesaee : all the others elements are termed " auto- 
genous," because they are usually developed from distinct and 
independent centres of ossification. 

Thus a typical or perfect vertebra, with all its elements, presents 
fonr canals or perforations about a common centre: namely, aa 
upper, for the protection of a segment of the nervous Bystem ; a. 
lower, for the protection of the vascular ^stem ; and one on each 
Bide for a blood-vessel, and often a nerve. Such a vertebra is found 
in the thoras of most of the higher class of vertebrata, and in the 
neck of many birds, — for instance, the pelican. The bones termed 



• Derived Ironi nvpor, a nerre. 
t Derifed from afya, blood. 
t Derived (rota w^tiipi, a rib. 
5 Derived from fioJw, a yokt 
II Tlie Greek preposiiiana Sii bucI irepi implf ilia 
BTOwths of bono. 
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'OWEN' 
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^diverging appendagee" are arided to some vertebne for specU) 
rparposes: for instaDce, the thoracic vertebree of birds support 
diverging appendages, which serve to lock the ribs together, aiid 
strengthen the framework of tht* chest Here they serve simply 
for purposes of fixation. Similar appendages, however, attached to 
certain vertebne, serve the purposes of locomotion, and variously 
modified and developed, become fins, wings, legs, or arnis, as the 
case may be. 

Vofiebnc inbjoct Since, then, a series of vertebrffl, in the reoeat 
to mnny modifi- more extended sense of that good old word, coa- 
' "'"■ stitute, as it were, the materials out of which the 

BTitire skeleton in every fonn of vertebrate animals is constructed, 
we must expect to find that vertebra) are subject to many and great 
modifications, as to the numberof the "elements" ret^nedin their 
composition, as to the form and proportiun of these " elements," 
and even as to their relative position. 

The most constant and the simplest element is the " centrum." 
Other elements are added in the different segments, according to the 
structure to he raised. Let anyone begin at the end of the t^l of 
an animal. There he will see a "centrum" alone; but it is not 
on that account the less a segment or vertebra of the tail. Let 
him run his eye along the successive vertebne of the tail, and he 
will see other elements gradually rising into notice, — elements 
which he cannot doubt are successively answerable parts, WTien 
he comes to the chest, he will not trace so readily the homologous 
elements of the vertebral chain; and for this reason: the lower 
arches must of necessity be greatly expanded, to make room for the 
lodgment of the heart and lungs. But nature does not accomplish 
this by a simple expansion and lengthening of those elements only 
which formed the h:emal arch of the tail. No : she shifts the 
hiemapophyses from the ^T>ical position which they held in the 
tail, and joins them to the ends of the pleurapophyses, or ribs, 
which are adequately elongated and bent down. In the neck, 
again, he meets with no difficulty, ^lien he reaches the head, he 
is entirely at fault; and no wonder. In this complex region of the 
skeleton, the elemental parta of its constituent vertebne are modi- 
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fied, not only by change of shape and proportion, by division and 
subdiTision, but even by dislocation from their proper segment ; 
the upper arches must needs be so widely expanded and inteilockeJ, 
to protect the brain ; the lower arches so enormously developed, 
to form the jaws ; the diverging appendages of the upper jaw 
so massive, to form bulwarks for its fixation and the origin of 
the powerful muscles of mastication. Still the dementi are 
there. 

Such ifl a brief but very imperfect outline of this great subject. 
It may be said, it is pretty and plausible, but, after all, & mere 
" transcendental dream," These glimpses, indeed, of a great truth 
have, by some persons, been ill received. Even in 1843, the learned 
editor of Baron Cuvier's last course of lectures, M. de Saint Agy, 
commenting upon the osteological essays of Sptx and Oken, 
remarks — "Pour moi, une mflcboire sup^rienre est une m&cboire 
BUp^rieure, et un bras eat un bras. II ne faut pas chercher 4 faire 
Bortir I'osteologie d'un ^st^me de m^taphyaique." To this obser- 
vation Owen very logically replies — " But a jaw is not the less a 
jaw because it is a ' hismapophysis,' nor is an arm the lees an arm 
becaitse it is a 'diverging appendage.'" In the same spirit a 
critic might write—" Newton calls this earth a ' planet,' and the 
moon a ' satellite ; ' for me the earth is an earth, and the moon la 
a moon." One must not strive to make an ouranology out of a 
system of metaphysics. 

Manner io which ^"' ^ '^" ^^ * B'^' truth, how is it proved ? 
the subject ii To bring the matter home, the human anatomist 

^ may ask, how ia it proved that a given bone in the 

human skull is an element of a particular vertebra ? The proof is 
founded upon a aeries of comparisons extended over all the verte- 
brate kingdom. The comparative anatomist, led on by Owen, will 
point to the same bone throughout the descending scale of jmimidH, 
tracing it step by step through its various modifications in mam- 
mals, birds, reptiles, and fishes, till he comes to its amplest 
" archetypal" form. He will never let him lose sight of the bone ; 
he vrill show him that the bone is in each and every instance the 
answerable element of the same vertebra ; and lead him on withal 
by such gentle transitions, that he cannot doubt the unbroken 
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■ dtain of evidence any more than he can doubt a series of niathe- 

■aaatical propositions. 

We will now take a few examples of the simpler forma of ver- 

ftiebrse from different animals, for the eake of explaining their 

1 modifications with the help of the " ideal type." 

Cmadtl Twtebn Fig. 2 (Plate XLIX.) represents a vertebra from 
ofacrwMdile. the tail of a crocodile. Ita elements are marked 
by the initials of their namea We recognise at once the " cen- 
trum" (c). Ita posterior surface ia conves, bo aa to form a ball- 
ond-eocket joint with the anterior eurface of the centrum of the 
succeeding vertebra.* We see the " neural arch " formed by the 
" neurapophysea " (n) ; the " neural spine " (n s) ; the " zygapo- 
phyaes" (z), or articular processes for interlocking with the next 
vertebne. There is a short " diapophysis " (d), and to the end of 
this is articulated by suture a short " pleurapophysis " (pi), or 
stunted rib. The " hsemal arch " required for the protection of the 
great blood-veaeels of the tail ia formed by " hiemapophyeea " (h), 
which articulate with the under surface of the centrum, and 
coalesce with each other and the " hsmal spine" (h a). Compared 
with the typical vertebra, we find that the '* parapophyaes" and 
lower zygapophyses are suppressed. 

Lnmbar Terte- Fig. 3 represents an abdominal or lumbar ver- 
bis of a crotodilo. tebra of a crocodile. It has the following modi- 
fications: — There are long " diapophyses " (d) for muscular 
attachments; the " pleurapophyses " are suppressed; the "hasma- 
pophj-ses" (h) are removed from the centrum to the lower part 
of the abdominal wall. These " so-called " abdominal ribs, more 
or less ossified, and generally subdivided, form a half-arch for the 
support of the abilominal viscera, — a modification required in 
these amphibious reptiles, which, when on land, rest the whole 
weight of the abdomen on the ground. 

Itiowcic veTM- Fig- 1 (Plate L.) represents a thoracic vertebra 
bra of » crooodilfc of a crocodile. Here the "pleurapophyses" (pi) 
are connected to the " diapophyses " (d), and then elongated and 
turned down so as to form a lat^e hiemal arch ; this arch is 

• TLu Ijpe of yartcbra is lenned by Owen "prooelinn" (Tpoi; koAo!, hollow). 
It chaTBCteriges all the exjeiing genera and ipcciei of the order CmeodUia. 
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completed below by the " hamapophyses'* (h), which are removed 
from the centrum (c) and attached to the ends of the lengthened 
" pleurapophyBes " (pi). There is also a bifid ** hsBmal spine" (h a). 

Cerrical ▼crto- Fig. 3 (Plate XUX.) represents a cervical ver- 
bn of a crocodile tebra of a crocodile. The chief modification here 
is the formation of the lateral canals. The " dia- ^ and ** par- 
apophyses" (d and p) articulate by suture with the prongs of a 
short and forked ** pleurapophysis " (pi), and thus are formed the 
foramina on each side for the transmission of the vertebral arteries. 

Candal Tertebni A vertebra firom the tail of a fish is a good 
ofafiflh. example of a simple form. There is a small 

" neiu»l arch ** with " zygapophyses " and a long "neural spine." 
The " diapophyses " are suppressed. There is also a "hsemal 
arch ; " but this is formed, not by " hsemapophyses," as is generally 
the case in other animals, but by " parapophyses," which bend 
down, meet, and are prolonged so as to form a hsemal spine. Each 
has a " zygapophysis " at its base. 

Abdominal Ycr- Fig- ^ (Plate XLIX.) represents an abdoniinal 
tebra of a fish. vertebra of a fish. Here the "diapophyses" are 
suppressed. The " parapophyses " (p) stand out for a short dis- 
^ tance, and have the "pleurapophyses" (pi) appended to their ends. 
Each pleurapophysis supports a short "diverging appendage" (a) 
for the attachment of muscles. The "pleurapophyses" in fishes 
correspond with the floating ribs in human anatomy; and the 
abdomen is closed below by haemal arches of aponeurotic tissue, 
like the " line© transversae " of the abdominal wall in man. 

Thoracic verte- Fig. 3 (Plate L.) represents the thoracic vertebra 
bra of a bird. of a bird (vulture). Here the long " pleur- 

apophyses " (pi) are firmly articulated to both " dia-" and ** par- 
apophyses" (d and p), so as to make two lateral canals: the 
" haemapophyses " (h) are short and attached to the ends of the 
" pleurapophyses " (pi). But the principal modification is the 
great expansion of the ** haemal spine " (h s) and its prolongation 
in the form of a bony crest, in order to give additional surface for 
the origin of the great pectoral muscles concerned in flight. This 
crest is always developed in proportion to the powers of flight. 
Each "pleurapophysis" (pi) has a "diverging appendage" (a). 
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which serves to fix one rib to another, and associate the two in 
action, and give firmness and security to the whole thoracic cage. 
From the under part of the centrum, a secondary process, termed 
the ** hypapophysis " (y), projects in order to give attachment to 
the muscles which bend the neck forwards, and enable the bird to 
give a powerfiil blow with its beak. This is especially developed 
in birds of prey. 

Fig. 5 represents a cervical vertebra of a bird. The extremely 
stimted "pleurapophyses" (pi) coalesce with the "dia-" and 
*^ parapophyses " to form lateral foramina for the vertebral arteries. 
This is just like the cervical vertebrsa in man. 

Thoracic Terte- Fig. 2 represents a thoracic vertebra from a 
braofamammaL mammal. The haemal arch is complete for the 
protection of the heart and lungs. The long ^' pleurapophyses " (pi) 
come at once from the '^ centrum " (c), and are also supported by 
short ^^ diapophyses" (d). The lower part of the arch is completed 
by the ^* haBmapophyses" (h\ or costal cartilages, and the sternum 
or ** haemal spine " (h s). 

Skallofthe ^® P*^ ^^ "^ ^® ^®^ place to show how 

Abchbttfb vertebrae are modified to form a skull — taking that 

skeleton. ^£ ^ ggj^ ^ ^^xe example, because it deviates least 

from the " archetype." And first, a few words explanatory of the 

skull of the " archetype," or primal pattern eliminated by Professor 

Owen (Plate LI. fig. 1> 

The first four vertebrae of the skeleton are modified to form the 
skulL They are termed the Naaalj Frontal^ Parietal^ and Occipital 
vertebrae. The neural arches of these vertebrae correspond with 
the four segments or primary divisions of the nervous system which 
are manifested in the embryonic condition of the brain ; namely, 
the Rhinencephalony the ProaencqphaUm, the Mesencephalon, and 
Epencephalon. These several segments respectively give origin to 
the nerves of special sense ; namely, smell, sights taste, and hearing. 
The " neurapophyses " of the four vertebrae are perforated to allow 
the nerves of special sense to pass. 

The organ of smell is situated in advance of its proper vertebra, 
which is modified to close and protect it. 

1 3 
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The eye iB lodged in a cavity, or " orbit," between the frontal 
and the nasal vert«bne. 

The nerve of taste perforates the " neurapophyaia " (n) of its 
own vertebra, the f parietal," to sprewl out iu the tongue. 

The organ of hearing is always lodged in tlie interspace between 
the " neurapophyses " (n) of the parietal and occipital vertebne; 
and the surrounding vertebral elements are modified to form the 
cavity for its reception, called " otocrane." 

The bsemal arches of the iirat two vertebne form the upper and 
lower jaw. 

Skoll of B From the skull of the " archetype " to tliat of a 

*""». fi^ the transition ie comparatively easy. Although 

some of the elements in the skull of a fish are modified into a 
scale-like fonn, the better to overlap and mutually support each 
other, yet the four vertebra! composing it, as well as the constituent 
elements of each vertebra, can be separated, with the exception of 
the centra (c), which are confluent, all but the first and second, 
in order to give greater strength to the head. We recognise the 
four neurapophyses (n) which form the neural arches for the primary 
divisions of the brain, and each is perforated or notched for the 
pass^e of its proper nerve. 

The four neural spines (n s) protect each their own division of 
the brain and organ of special sense, and rise into a lofty and 
continuous crest for the insertion of the powerful muscles of Uie 
back. 

The diapophyses (d) of the three posterior vertebne (the first 
has none) stand out from the neurapophyses (n), like buttressea, 
and support the bones which form two of the hajmnl arches ; namely, 
the inferior maxiUary and the scapular arch. 

Under the first neural spine (n a) is the ossified part of the c 
Bule (turbinal bone) of the organ of amell. 

The interval between the first and second vertebra is the orbit i 
the eye. 

The partly gristly partly bony case (petrosal bone) which e 
tains the organ of hearing, is wedged in between the third i 
fourth neural arches. 

The h^mal arch of the naaai vertebra is modified to form t 
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npper jaw. It consists of the pleiirapophyais (pi ), hfemapophyBU ( h ), 
and hEemal Kpine (h s). These bones correspond respectively Iji 
the palat« bone, the superior maxillary, and the pre-moullary of 
human anatomy; and all three are drawn forwards so that the 
apex of the arch may be fixed to the centrum (c) and the neoral 
spine (n s), and thus close the neural canal in front. We observe 
that the h^mal spine supports the teeth, and that Imth it and the 
hsemapophysis are proloDge<l backwards, in relation to the protractile 
and retractile movements of the jaws in fishes necessary to respira- 
tion and seizing their food. Moreover, in order that the jaws may 
act together, an appendage (a a) proceeds from the pleurapf)phy8i8 
of the first arch to that of the second: this corresponds to the 
internal pterygoid plate of human anatomy. 

The h^mal arch of the second or frontal vertebra is modified to 
form the lower jaw. It consists of a pleurapophynis (tympanic 
bone) and a hfemapophysis, connected by a moveable joint, and a 
luemal spine which supports the teeth. The pleurapopbysis abuts 
on and articulates with the diapophysis, not only of its own, but 
also of the succeeding vertebra: the reason for this modification is 
to give a firmer basis of support to the lower jaw. The pleur- 
apopbysis of the lower jaw in fishes has to support not only the 
weight and worlting of its own appendages (the gill covers), but 
also that of the succeeding haemal arch, with all its appendages; 
namely, the respiratory (branchial) apparatus,* Another modifi- 
eatiun of the pleurapopbysis of the lower jaw in fishes is its \ie\ag 
subdivided into four overlapping pieces : this provision adds greatJy 
to its strength, and diminishes its liability to fracture, like the 
overlappmg plates in the springs of a carriage. 

The haemal arch of the tliird or parietal vertebra is the 
** byoidean" arch. Itconsists of a pleurapopbysis, a hffimapophyBis, 
and a hiemal spine, answering to the styloid process, stylo-hyoid 
ligament, and oa byoidea of human anatomy. This arch forms the 
bony support of the breathing machinery ; namely, of the branchial 
arches, which are diverging appendages from it. Its pleurapophysis 
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is displaced from the diapophyais of ito own vertebra, in order to 
be attached to the pleurapophyaifl of the lower jaw, so that these 
two hsEimal arches may move consentaneously in respiration. Thus 
the mechanical functions of the thorax in air-breathing animals are 
performed in fishes by one of the arches of the skull : hence 
large size of the head, to make additional room for the heart 
lungs. 

The hsemal arch of the fourth or occipital vertebra la compara' 
lively the moat interesting of all the arches in the head, because 
the diverging appendage which it supporta is the pectoral fin, an 
organ of locomotion. This appendage, variously modified and 
removed to a distance fi"om its own arch, becomes, as we ascend 
the animal scale, a foreleg, a wing, or an arm and hand. Its pli 
apophysis or scapula is forked at the top. Its two prongs 
like the head and tubercle of a rib in the human chest, on 
dia- and neurapopbysis of its own vertebra. The haemapoph; 
or coracoid boiie completes the hcemal or scapular arch which pro- 
tects the heart, and lungs in iishea. The pectoral fin or appendage 
consists of a short radius and ulna (the humerus is suppressed), a 
row of bones forming the carpus, and fin rays answering to 
metacarpus and phalanges of the fingers. 
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Analyiii of the From the skull of the fish— the simplest 

UiTxin SkulL fication of the archetype — -we pass on to the analy^ 

of the human skull, — the extreme modification of the archetype. 

Plate LII. represeots the individual elements of the four cranial 

vertebne of the human fcetus separated from each other and seen 

from l>ehind. In Plate LIII. they are shown in profile and in 

relative position, both from the inside and the outside of the skull, 

OccipiTii, The occipital vertebra is comprised in the occl- 

Vebtsbra. pit^[ ijone. The basilar process is the centrum (c) ; 

the lateral pieces on each side the foramen magnum or neural 

arch are the neurapophyaes (n); the arch is completed by the 

occipital plate or neural spine (n s) broadly expanded to protect it« 

own segment of the brain, the cerebellum. The condyles are 

zygapophyses modified in adaptation to man's erect attitude. 

The haemal arch is displaced from its own vertebra, and planted 



the J 



tebra, and plan ted 1 
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; on the ades of the chest, to form the upper extremity. The 
ftwapula is the highly modiJied pleurapophysis (pi); the little 
liooracoid proceae is the stunted haetnapophysia (h). The arch is 
I ctmipleted by the clavicles, which nre the displaced hsemapophyses 
l{h) of the atlaa, and they abut against the first bone (manubrium) 
I of the sternum, which is the haemal spine of the first thoracic 
I Tertebra. The arms are diverging appendages from this arch. It 
I Beems strange, to say that all the bonea of the upper extr^nity 
•^except the clavicle) are essentlaUy bones of the skull ; but in the 
fish we see the homologous bones in their primitive podtion 
actually attached to the occipital vertebra : they are well seen, too, 
in the lepidosiren, Plate L. fig. 4, where the h^mal arch of the 
occipital vertebra is complete, and the single ray-like appendage (a) 
is the homologue of the arm. Those who desire to trace the suc- 
cessive facts and reasoning upon which this unexpected conclusion 
is founded, are referred to Profeasor Owen's most interesting and 
L philosophical work, " On the Nature of Limba." 

Paribt*!. 1^® parietal vertebra consists chiefly of its 

Vektehha, neural arch, which is formed by the posterior or 
I basi-sphenoid*, the alisphenoids, and the parietal bones. The 
I body of the sphenoid is the centrum (c) : its greater wings, or 
laUiiphenoids, are the neurapophyses (n), and these, as usual, are 
f perforated (by the foramen ovale) for the passage of the third or 
' gustatory division of the fifth nerve. The two parietAls form 
the bifid neural spine (n s) enormously expanded into a dome-like 

I roof for the protection of the cerebral lobes. The mastoid pro- 
cesses are the diapophyses (d). 
The h;£mal arch is formed by the styloid processes, which are 
stunted pleurapophyses (pi), and continued by means of the stylo- 
hyoid ligaments to the leaser comua of the os byoides, which 
represent stunted hajmapophysea (b). The body of the os hyoides 
IB the heenial spine (h a). The greater comua are divergin<{ 
ippendages (a). 
* In the early fistn* there ire two distinct sphctioid krries. oorh belonging Id 
•eparato xertebrae ; a poeterior or " bnsi-splienoiJ," in anlcrior or "pre-Bjihtnoid " 
The bmllca of both soon coalesce to Tuna what appears orUraarda the unj;!!) 
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ObBcnreil b; ibe The aaalysis of this cranial vertebra ia rendcreil 
icmputal buHo. jjjQpg difficult by the interposition of Uie veir 
complex " temporal " bone. This bone cooHBts of five elements 
distinct in the foetus ; namely, the petrosal, the mastoid, the styloi^ 
the tympanic, and the squamous. Of theae, two, the mastoid aoj 
the styloid, belong to the parietal vertebra. The petrosal is no* 
an element of a vertebra, but the bony capsule of the sense ol 
hearing, aa the sclerotic coat of the eye is the fibrous capsale oi 
the sense of sight. It is interposed, as usual, between the occipital 
aud parietal vertebral, coalesces early with the mastoid, and assidi 
iu blocking up the base of the skuIL The tympanic element M 
the stunted pleurapophysis (pi) of the next vertebra in advance ■ 
the frontal, and reduced in the foetus to a mere ring of bone M 
the support of the membrana tympani : in the process of growth i) 
forms the meatus auditorius externus. The squamoiia element L 
one of the diverging appendages of the h^mal arch of the ua^ 
vertebra or upper jaw. It is interesting t6 trace the varioiiH pu 
poses served by this appendi^e, aud its successive modificatia 
&om its simple proportions in the lower animals up to its 14 
portant development in man. In all animals above fishes, its 06S 
is, in some way or other, to assist in connecting the first h^eni 
arch or upper jaw with the second or lower jaw. In crocodiles, i 
instance, it forms an additional buttress to fix the upper jaw ; : 
birds it makes the jaws move together ; but in mammals we find^ 
gradually introduced into the formation of the cranial wall, and i 
man it undergoes its extreme modification, and is expanded into 
scale-like bone, which forms the greater part of the temporal wall 
of the skull between the third and fourth neural arclies. Notwith- 
staudiug its singular modification in subservience to the greal 
devclopmeut of the human brain, observe that this sqi 
element still retains its natural couuection with its own vi 
and assists in forming the zygomatic arch. 

Feomtal The body of the anterior or pre-sphenoid fc 

Vi:n«i>aA. j^g centrum (c) of the frontal vertebra. The 

or orbital wings form the neurapopbyses{n): these are perforat 

as usual, by the optic nerves. The frontal bone, enormoi 

expanded for the protection of the anterior cerebral lohes, foi 
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the bifid neural spine (n s). The external angular processes are 
the stunted diapophyses (d). 

The haemal arch is formed by the tympanic element (of the tem- 
poral bone) or stunted pleurapophysis (pi), the lower jaw is the 
largely developed haemapophysis (h), and its s}'mphysis is the 
haemal spine* (h s). Though displaced far behind their own ver- 
tebra, to suit the requirements of the human skull, observe that 
the individual elements of the arch are not displaced from each 
other. 

Nasal The nasal vertebra is the most modified of all 

Vebtebba. Ju adaptation to the human face, which in place 
of being elongated, as in animals, forms a right angle with the 
forehead. Besides being over-arched by the neural spine of the 
frontal vertebra, the nasal segment contains the capsule of the sense 
of smell, and has two sets of appendages to fix it in position. In 
fig. 4, Plate LIL, we have attempted a diagram of this s^^ment, 
stripped of its appendages for the sake of perspicuity. 

The vomer is the centrum (c). The perpendicular plates of the 
ethmoid form the neurapophyses (n): these are perforated by 
numerous foramina for the transmission of the olfactory nerves 
which ramify on the olfactory capsule (ol) or turbinal bones of the 
ethmoid. The nasal bones form the bifid neural spine (n s). 

The haemal arch is formed by the palate bones or pleurapophyses 
(pi), the superior maxillary or hsemapophyses (h). The pre-maxillary 
bones are the bifid haemal spine (h s). This arch has two sets of 
appendages (a), Plate LIII. fig. 2 ; the first set belong to the 
pleurapophyses or palate bones, and consist of the pterygoid ap- 
pendages: they become the internal pterygoid plates of the sphenoid, 
and extend backwards to bound the respiratory passage, and to fix 
the haemal arch to an exogenous growth from the centrum of the 
parietal vertebra, namely the external pterygoid plate of the sphe- 
noid. The second set of appendages consist of the malar bones, 
and the scjuamosal elements of the temporal. The other modifi- 
cations of this arch will sugLjest themselves on reflection. 

* This u a di>tinct bony clement in fishes and reptQcs. 
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^^H Such are the general homologies of the bones of the human 
^^^H fikulL Subjoined is a table of the names given to them by Owen, 
^^^H according to their special homologies. The names apply alike to 
^^^H all the vertebrate kingdom. 

^^^H SPECIAL NOHENCL&TURE OF THE ELEMENTS OF TEE CBANIjO. '^^^f 
^^^V TEBTEBRS. ^^^ 


^^^B NEt7RU.SFtinC... 

^^^h n e dhu^ph tsu . 
1 Flbukapofutsis 

n*MAL Spine.,. 


0.™,.u. 


P..,>T... 


F».^*L. 


N.«^ 


=Sf". 


ali sphenirid ".'. 

maiwid 

bisi sphenoid . 

Wjlobyal 

L thjTD hjal . 

Uiihyal ■ 


front*] 

orbilo sphenoid 
post frontaL 
pre-spbonoid... 

muidible 

•Iw"^ 


pre-(TOnUL 
pklotiae. 

IBOXillsTT. 


buiocdpital.., 

s-^P"!" 

B. ImntaofBrm 
conKoid 

manubriun. ... 


Goncral homo- I-et US now examine the general homologies of 
logiMofiheVEK- the vertebral column, and for this purpose take 
^^ jBBa*i. Coi.ii».. es^pieg from the cervical, dorsal, lumbar, sacral, 
^^m and coccygeal regions in succession. 

^^H A cervical vertebra is represented in Plate LII. %. 5. The bcxly 
^^H is the centrum (c) ; the laminre are the neurapophyses (n), and 
^^H the neural arch is completed by the bifid spinous process (n s) ; 
^^f the articular proceMes are the zygapophyaea (z). The transverse 
P processes are stunted pleurapophyses (pi): they are forked at their 
1 ends ; the anterior prongs or roots coaleace with the parapophyses 
^^ (p); the posterior with the diapophyses (d), and thus they circum- 
^^B scribe lateral canals for the vertebral arteries. In the drawing 
^^H these elements have been artificially separated. 
^^ A dorsal vertebra is represented in fig. 6. The centrum 
r neurapophysis and neural spine are plain, The hssnial arch is 
formed by the rib or pleurapophysis (pi); the articular surface 
on the centrum for the head of the nb is all that remains of tlie 
parapophysis (p). The transverse process ia the diapophysis (d), 
1 and is well developed, in order to support the tubercle of ibe 
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rib. In the first seveu dorsal vertebne the hiemal arch is com- 
pleted by the costal cartilages or hsemapophyses, and the st«niuiii 
or htemol spine. In the five lower dorsal the hsemal arch is in> 
complete. 

Fig. 7 represents a lumbar vertebra. The " so-called " transverse 
processes are formed by stimted pleurapophyses (pi), which are con- 
fluent with the diapophyses (d). The little exogenous tubercles 
(spoken of at page 48) are tenned by Owen the " meta-" and 
" anapophyses." Their relative positions are better shown in 
Plate XX. V. fig. 2. The htemapophyses of the lumbar vertebne are 
represented by the " linere transversie " of the abdomen. 

The five sacral vertebrse coalesce to form the single bone termed 
the sacnun. The five centra are plain. In the first four vertebra 
the neural arch and their neural spines unite to form a lofty crest 
for the origin of the erector spins. In the last the neural arch is 
incomplete. The " so-called " lateral masses are made up of pleur- 
apophyses and diapophyses coalesced with each other and with the 
centra. 

The pelvic arch includes the h»?mal arches of the first and 
second sacral vertebra. The pleurapopbysis is divided ; one part 
coalesces with the centrum, the other, enormously developed, forms 
the ilium. The pubes is the hsemapophysis, and Ita symphysis is 
the hiemal spine. 

The ischium is the hamapophysia of the second sacral vertebra. 
It coalesces with the pubes, but is separated from its own pleur- 
apopbysis by the enormously expanded ilium. 

The first coccygeal vertebra has a centrum, stunted neurapo- 
physes, and zygapophyses (comua), which join those of the last 
sacral vertebra. The second has only rudimentarj' neurapophyses 
besides the centrum. The third and fourth are reduced to the 
centra only. 



CkiiTeqiDndciiM The bones of the extremities tally with each 
brtwetn the boDM other. The femur is the " homotype " of the 
humerus, the tibia of the radius, the fibula of 
the ulna. 

The eight bones of the carpns are arranged in two transvene 
rows to give greater fn-eadth for the support of the hand. 
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There are corresponding bones in the tarsus. Those of the second 
row tally bone for bone with the second row of the carpus. 

But those of the first row are arranged one behind the other, for 
the obvious purpose of increasing the length of the foot, by the 
projection of the heel for the support of the body. Compare the 
following tables. 

CARPAL BONES. 

Second Bow. Trapezinm, trapczoidca, os magnum, anciforme. 
First Row . . Scaphoidef, lunare, cunciformc, pisifonne. 

TARSAL BONES. 

SecomdRow. l.KiitoCuneiformc. 2.Me8oCanciforme. 3. Ecto Cuneifonnc. CnboidcL 

Scaphoides 

First Row ....-{ Astragaln s (Innare) 

Os calcis (cuneiforme, pisifonne). 



• • • • \ 



The bones of the metacarpus and phalanges of the fingers corre- 
spond bone for bone with those of the metatarsus and the toes. 
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BONES. 



PAQB . 

Absorbenta of bone 13 I 

Acetabulum 166 

Adaptation of man to erect attitude 220 

Atlas 45 

Antrum 86 

walla of. 84 

Aquednctus oochle« 70 

FaUopU 71 

Testibuli 69 

Areh of foot 201 

Ai^tenoid cartilages 227 

Astragalus 194 

Axis 46 

Baae of skull, from within Ill 

from below 114 

Bone, absorbents of 18 

articular 22 

air cells in 7 

blood ressels of 10 

canaliculi of 15, 20 

chemical composition of. 8 

classes of 5 

deTelopment of in cartilage ... 25 

„ membrane... 82 

diTisible into layers 8 

elasticity of 5 

formation of. 28 

increase of in length 86 

„ thickness 85 

lacunsD of. 14, 19 

kminieof ^ 14^ 20 

nerves of 12 

nomenclature of 6 

shaft of, why hollow 6 

strength of 5 

structure of 6 

uses of 2 

Bone tissue 16 

CSsllus 40 

Canals, dental 85 

anterior dental 86 

accessory palatine 96 

antoriorpalatine 90 

posterior palatine 114 

pterygo-palatine 76, 118 

mfra-orbital 85 

carotid 71 

malar 92 

pterygoid or yidian 79 

Tertebral 51 



PAOI 

Gancellous tissue of bone 8 

Carpal arch 148 

Carpus, bones of 147 

Cartilage, nature^. 24 

fibre- Z. 24 

hyaline 24 

ossifying 28 

simple 24 

Cells, ethmoidal 81 

frontal 59 

maxillaiT 86 

sphenoioal 75 

mastoid 66 

Clavicle 129 

Coo<7x 171 

Cochlea 247 

Comu sphenoidale 75 

Craniology, study of 127 

Cranium Ill 

anterior fossa Ill 

middle fossa 112 

posterior fossa 113 

Cricoid cartilage 226 

Cuboides 199 

Cuneiform bone of carpus 150 

bones of tarsus 200 

Diaphysis, meaning of 20 

Diploe 59 

veins of Ill 

Ear, anatomy of 234 

Emincntia articularis 65 

innominata 65 

frontalis 59 

Ensiform cartilage 208 

Epiglottis 234 

Epiphysis, meaning of 26 

law regulating their union to 

theshaft 27 

Ethmoid Bone 80 

Eustachian tube 69 

Facial angle 127 

Femur 177 

Fibula 189 

Fissure, glenoid 66 

sphenoidal 78, 112, 121 

spheno-maxillary 120 

FontaneUes 83 

Foot, arches of 193 

a lever of the first order 193 

play of the arches of 201 



^^H 872 

^^^^B Fommoa Tor Amold'a nerre 


INI 


Mmtow 


■ 

9 
19 




^^^H condyloid 

^^^^H denials 

^^^^^^1 for Jacobaon'i nerre ... 


M 

103 

71 












C7 
13S 

BIS 
11 
13 
_39 
Sol 

lax 

SOS 

•« 

89 
IXI 

IS 
IXS 
114 

R3 
119 
220 
1*>6 
161 
2M 

31 

21 

2S 
3B 

a7 

144 
H&i 
109 

95 
114 

bt 
1K4 
17S 
17» 
ITS 
US 
174 
17S 

m 
11 
sr 
11 

Ul 
MM 
4 
»t 
III 
Vt 
101 
6? 
S) 
71 
6) 
131 
lOG 
141 


ofnoM 

Medullary artery 


^^^B nognom 

^^^^H nuutoid 

^^^H niepUla 

^^H oUkotoij 

^^^^H rotuaduffl 


... 63, 117 

67 

101 

81 

161 

78 

77 

68 

78 

78 


Meinbnmou. tabjriotl. 

MeWcuT,"- ■■ 

HeUUriuR 


duct 

fbwa 


^^^H Btjlo-mastoid 


70 

61 


Now, mBltU. of 

poslerior openiDgi of 

Occipital botM 

Orbit* 

ClijradM 

OawJcU 

0« magnum 

OiorbiculaM 

Oaseoni granuUi 

oJSlCor.:.::::::::: 


f^-f- PoaWj^gMtrui 




i;«^ 


71 






temporal 

Bphono-miiilUrj 


78 

78 

108 

118 


Fraelum, repair of. 


S9 


inmeinbrane 






Olecranon 

Otoconia 




7 


Olentud MTity of ecapula 133 


Palate, a«h of. 




14, 16, 17 




PatsJIa 




16 


Pol™ 

aieaof _ 

diameter, of. 

obliquity of 










. 110, 122 






106 












Talueof. 






Inferior nmillk>7 bone 


101 


Phalange, of flngm 






Ppc-mftiillarj bono 

Proceas. acromion 

alTeolar, upper jaw 

lowerjiw 

auditory 






IntcTCTrpal joint 


149 


J»*,jointo£ 


104 






I«minaspinlii 

Msdder eiprrimeiita 


bono 19 

29 

3*8 

2-25 

35 


clinoid 


ooroDoid of jaw 
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PAOI 

Process, hamolar 79 

mastoid 66 

nasal 89 

odontoid 45 

olecranon 144 

olirarj .,. 73 

post-glmoid .'. 66 

pterygoid 78 

sphenoidal 97 

styloid 70 

unciform of ethmoid bone 83 

vaginal 70 

Pubes 162 

Radius 140 

Bibs 209 

Bima glottidis 230 

Sacrum 168 

Sc^ula 131 

Soaphoides of tarsus 198 

of carpus 150 

Sella turcica 73 

Semicircular OanaU 246 

Septum of nose 123 

Sesamoid bones 155 

Sinus, meaning of 53 

Skeleton, unity of type in the Tcr- 

tebrate 253 

SkuU, a lerer of the first order 124 

Skull as a whole 105 

Skull-cap 108 

Skull, general obserrations on 124 

base of Ill 

buttresses of. 126 

Sphenoid bone 73 

Spheno-maxillary fossa 118 

Spine 48 



PAOI 

Spine, curres of 49 

elasticity of 49 

form of 50 

Spongy bones of ethmoid 82 

Stapes 245 

Sternum 207 

Superior maxillary bone 84 

buttresses of 128 

Sutmnes of the skull 106 

Tables of the skull 124 

Tarsus, bones of 194 

tunnel of 196 

Teeth, upper jaw 88 

lower jaw 103 

Temporal bone 64 

Temporal fossa 108 

Thorax 206 

Thyroid cartilage 225 

Tibia 185 

Trapezium 151 

Tympanum 240 

XJhia 143 

TJnciforme OS 151 

Venous canals in the diploe Ill 

Ventricles of the larynx 229 

Vertebral column 41, 48 

Vertebrtt, cervical 44 

dorsal 43 

general description of 41 

lumbar 43 

ossification of 51 

Vestibule 246 

Vocal cords 228 

Vomer 99 

Wormian bones 107 

Zygoma 65 



MUSCLES. 

(O. orifcin.) 

Abductor digiti minimi (maniis) O. Plate 27 

. pedis „ 38 

— ^-* indicis (first dorsal interosseous) „ 28 

pollicis manils „ 27 

- pedis „ 38 

Adductor breris » 32^ 

longus „ 32 

magnus „ 32 

■ polUcis manfts „ 27 

pedis.. „ I>8 

Anconeus „ 24 

Arytenoideus „ 48 a. 

Axygos utuIbd „ 19 

Biceps femoris „ 30,31 

flexor cubiti „ 22 

Biventer cerricu (a part of the oomplexus) 

Brachialis anticus „ 23 

Buccinator „ 20a. 

T 



(1. insertion.) 
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38 
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28 


l^ 


27 
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38 


II 


34 
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34 
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27 


it 


38 


II 


26 
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36 fig. 2 


11 


25 
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inteni O.PUte« 

nfl« , 27, 28 

pedis » 38 

Inter-ipinali!* >. 44 

Inter- tmuTCTEslra ■■ 44 

lAtueimiu doni „ 42 L Plato 23 

Laiator tjmpMii „ S, 48c. 

Lerator anguli on> „ 10, SOa. 

•otpnlc » 44 n 21 

uii „ 80 

Ubiinip«noru „ 10,20a. 

' — - BbBqiw nan „ 10,20a. 

menti „ 16. 20a. 

paUli „ 7.18 

pilpebrs „ Sflg. 3. 

LeTstores coataram » 43 

Lou giesimus doni „ 48 

LoDgua oolli K 40 

MaaMter ^. „ 14,20a. „ 16 

Multi&diu apioEe (tTanarerao-iplDalia) „ 43 

Mjlo-hjoidem „ 16 „ 48 

Obliquue aMooiiius Bitomus » 30, 40 

internna » 80 „ 82,40 

capiti* inferior „ 45 

Kipmiot n 46 

ocnIL inlenor h 10 

■Dperior » Sflg. 8. 

Obturator «iten»u » 82 r 34 

intomiu „ 80 » 86 

Occipito-frontalis „ 8 

Omo-hjoideua b 23 » 48 

Opponena digiti "■■"'"■' „ 27 

pollidi „ 27 

palpebranun, or oouli „ 20a. 

Falmaria longot „ 23 

Feotinmii „ 32 „ 34 

Peotoralia major „ 22,89 „ 23 

Peroneut breria » 36 ■> 38 

loneil* » 86 » 3B 

torfina » 86 » SB 

Flanlaria .. 



'latrnns mjoidet . 
■opliteua .. 



Poplileiia B 35 „ 36 flg. 1 

Pronator quadiatoa „ 26 

raduterea „ 23,25 „ 26 

Fsoaa magnui u 47 ■> 34 

. parriu „ 47 » 30 

Ptoijgotdeiu extomna h & » 16 

intomiu „ 9.19 „ 16 

Pjramidalia abdominis „ S8 

Pyrifomis „ 47 „ 85 

. liunborum .. 
Bectoa abdomiiiil 

i potticui major .. 
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48c. 








39 fig. 2 „ 
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SnbaopulAm 

Bupin»t*r radii brero 
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26,23 






Supra-ipinatiu " 
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THE MECHANICAL AVPIJ.^iNCES ^^:CESSARY FOR TH 

TltEATMENT OF DEFORMITIES. Po.t Bto. tiolh, 4*. 

ARTIFICIAL LIMBS ; THEIR ""CONSTRUCTION AND APPU 

CATION. Wilh EngiatinRa on Wood. Bvo. doth, 3f. ^ 
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CHAKGE OF CLIMATE ; comadered as a Remedy in Dj-spcpdc, Pnl- 

inonnrj, nnd other Chronic ABtctionm; with an Account of the mint Eligible Hwmaf 
Rrtidpnee for TnTalid«in Spain, PortugaJ, Algeria, ftc, »l diifpn-nt Sciuoiu of tho Year; 
and an Appendix on ihe Mineral Springs of the Pj-reaeei, Vichy, and Ais lu Baiiu. 
Poal eyo. cloth, 8l. 6J. 

C. REMiaiUS FRESENIUS. 

ELEMENTARY INSTRUCTION IN OIIEMIOAI ANALTSI8, 

AS PllACTlSER IN THE LABORATORY OF GlESSSN. Edited by Lloto 
Bullock, Inte Sludeat at Uieaun. 

Qtru-ITATIVB; Fourth Edition. »vo. cloth, «». 

Ql-ANTITATIVE. Second E J itiofl- 8vo.dolh, ISs. 

MR. FOWNES, PH.D.. F.R.8. 

A MANUAL OF CHEMISTRY; '«it!. numerona Dlustrations on Wood. 
Siilli Erfilii>n. Fcap. Hto. cloth, 12>. 6d. 

Edited hj U. Benoe Josm, M.D., F.R.S., nnd A. W. IIoruxNK, Pb.D., F.R.S. 

CEEMISTRY, AS EXEMPLIFYING THE WISDOM AND ' 

BENKFICENCE OF GOD. Swond Edition. Fcap. B»g. dolh, J..6d. 

INTRODUCTION TO QUALITATIYE ANALYSIS. Poet8vo.cioth,2«. 
CHEMICAL TABLES. Folio, price 2*. cd. 



OR. FULLER. 

ON EHECMATISM, EnEUlUTIC GOOT, AND SCIATICA: 

their I'stholog;, Syinptomi, aad Trratmeal. Second EditioD. Syo, doth, 12i. (UL 



DR. QAIRDNER. 

ON GOUT; lis niaWry, its Causes, and iia Cure. Tlilrd Kditioii. Post 

Bvo. cloth, Si. C/. 

MR. QALLOWAY. 

THE FIRST STEP IN CHEMISTRY. Second EdlUau. Fcap. 8to. 

doth, Sj. 

A MANUAL OF QUALITATIVE ANALYSIS, second Edition. 

pNt Sro. dolli. It. 6if. 

CHEMICAL DIAGRAMS. On Four large Shtcts, for School and 
lecture Roomb Si. Gd. the Set. 



( DR. aARRETT. 

i ON EAST AND NORTH-EAST WINDS; tlio Nal„r., Treatment, and 

9 Prevention of their Suffocating ElFecti. Fcip. Sro. cloth, 4i. Gi/. 
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MR. ROBERT GARNER, FX-S. 

EUTHERAPEIA: or, an examination of the principles 

OP MEDICAL SCIENCE, indodine HcBitrchM on ihc NCTraiu Syitcm. ItloitnLed 
with 9 Engmvingi na Copp«r,iuid En^vingt un Wood. tJTo. clDlb, Siu 

MR. OAV, Fil.O.B.E. 

FEMORAI, IWPTURK: ITS ANATOMY, PATIlllLiKiY. AND 

SURGERY. Wilb a New Mode nf OpcTstrng. 4lo., P\ata, lD>. 6d. 

A MEJIOIR ON INIXILENT ULCERS. Post svo. doti., s*. 6,/. 



OR. ORANVILLE. FR.S. 

ON SUDDEN DKATH. Post Svo.. 2«. rh. 



I'RESERVATION OF THE TEETE in.!i.i«n*abio t^ Coniibrt : 

Appeamncfi, HeolLb, and Loogevily. LUmo. cLuth, Zt. 



MR. ORIFFITHS. 

CEEMISTRT OF THE FOIH SEASONS- Spriap, Snn.n.rr, 

Aiilumr, \VinUT. lUuilmU'd B-ith EngravingB on Wood. Sfcund Kdilion. Foolrap 



DR. OULLV. 

THE WATER CURE IN OHRONIC DISEASE: an Exposition of 

the Cauu^ Proinis, and Teirninalinns of TuiniiB Chrmiic IJiHOHi nf [he ViMcm. Ncrriiu* 
Sptcm. nnd Limbs, and of their Treatment bf Wnter nnd other Hygioiic Mcnni. 
Fifth Edilion, Fooljeop Bvo. sewed, 2.. 6/. 

THE SIMPLE TRE.\TMENT OF DISEASE: .Udua^j f.ow the 

Methods of Eipectanej nnd RcTuliiDD. ISmo. cloth, 4i. 



DR. O U Y. 

HOOPER'S PHYSICIAN'S VADE-MECUM; OR. MANUAL OF 

THE PRINCIPLES AND PRACTICE OF PHYSIC. New Edition, conudtmbly 
enlnrgcd, and rewritten. Foolienp Hro. cloth, 1 2<. 6d. 



GUY'S HOSPITAL REPORTS. Third Series. Vols. I. 
7>. ej. each. 



DR. HABER8HON. 

OBSERVATIONS ON DISEASES OF THE ALIMENTARY 

" (ESOPHAGUS, STOMACH, CJECUM, and INTESTINES. Bvo. cloth, 



A, OBSERVAT 

i. CANAL. (Ei 

a Ills. M. 




DR. MARSHALL HALL, F.R.S. 



PRONE ANT) POSTURAL EESPIRATION IN DROWNING 

AND OTHRH FORMS OF APNfEA OR SUSPENDED RESPIRATION. 

pDBl Bvo. cloth. St 

PRACTICAL OBSERVATIONS AND SUGGESTIONS IN MEDI- 

CINE. Post Kto. cJoib, B,, ej. 

DITTO. SrtonB Sttdi. Pust B.o. doi]i,Bj. flrf. 

DR. O. RADCLYFFE HALt- 

TORQUAY IN ITS MEDICAL ASPECT AS A RESORT FOR 

PULMONARY INVALIDS. Poit Bvo. dolh, 65. 
MR. HARDWICH. 

A MANUAL OF PHOTOGRAPHIC CHEMISTIiT. Founb 

Edilian. Foolicnp Bvo. cloth, 61. Sd. 

MR. HARE. M.R.C.a. 

PRACTICAL OBSERVATIONS ON THE PREVENTION. 

CAUSES, AND TKEATMENT OF CURVATUHES OF THE SPINE; wiili 
EngTSTingL Third Edition. Bto. cloth, 61. 

MR. HARRISON. F.R.C.S. 

THE PATHOLOGY AND TREATMENT OF STRICTURE OF ' 

THE URETHRA. Bto. doth, 5i. 



MR. JAMES B. HARRISON, F.R.C.S. 

ON THE CONTAMINATION OF WATER BY THE POISON ' 

OF LEAD, ami its Effects on the Hnmnn B.id.v. Foo1«ap B.o. cloth. Si. 6d. 
DR. HARTWIO, 

ON SEA BATHING AND SEA AIR Fcap. 8vo., 2*. gj. 



ON THE PHYSICAL EDUCATION OF CHILDREN. 

Sto., 2i. 6d. 



FcBp, 



DR. A. H, HASSALU 

THE MICROSCOPIC ANATOMY OF THE HUMAN BODY 

IN HEALTH AND DISEASE. lilustRitid with Several Hundred Drnwinn i^ 
Coloot. Tbo vnln. 8m cliith, £1. lOs. * 



MR. ALFRED 



f CLIMATE. WEATHER, AND DISEASE; b«'mg a sketch of tho 

Opiiiioni of the motl ccUbntcd Ancicnl and Modam Writcn with rejj-jird to the iDfliunca 
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. HOLTHOUae. 



MR. WILLIAM HAYCOCK, M.H.C.V.S, 

A TREATISE ON THE PRINOIPLES AND PRACTICE OF 

VETERLNAKY MEDICINE AND SURGERY. Bvo. bgniJs, (ij. 6d. 



ON THE ACTION Of"' MEDICINES' IN TEE SYSTEM. 

Bcin^ ihc PriiHi Emit Io wliitrh thf Mcdicul Society of London Bwordiid ihc t'athEr- 
gillian Uold Medttl for 1853. Second EdiUon. Bvo. cloth, lOi. 



AN ESSAY ON THE USE OF THE NITRATE OF SILVER 

IN THE CURE OF INFLAMMATION, WOUNDS, AND ULCERS. Second 
Edilion. Price bt. 

ADDITIONAL OBSERVATIONS ' ON THE NITRATE OF SII. 

VERj with full Direclioas for its Use ae a Therapeutic Agent. Uvo., 'it, Gd. 



MR. JOHN HILTON, F.R.S. 

ON THE DEVELOPMENT AND DESIGN OF CERTAIN POR- 

TIONS OF THE CRANIUM. Illuntrated with Plnles in Lilhogmply. Bvo. cloth, (i>. 



THE HARMONIES OF PHYSICAL SCIENCE IN RELATION 

TO THE HIGHER SENTIMENTS; with Obnerviilions od Mcdicn! SI«die^ and on 
the Monti and Scientihc Relntiona of Medical Life. Foil Gvd., doth, 5>. 



OR. DECIMUS HODGSON. 

THE PROSTATE GLAND, AND ITS ENLARGEMENT IN 

OLD AGE, With 12 P!at««. Royal Bvo., cloth, (!.. 
MR. JABE2 HOOO. 

THE OPHTHALMOSCOPE : an Essay ua ifc, value iu Ibe Exploration 

of iDtemal Eye DlieaBes. Cloth, 3ii. 6^. 



Mft. LUTHER HOLDEN, FR.O.S. 

HUMAN OSTEOLOGY ; with Plates, showing the Aitacbments of the 

MumIo. Second Edition. Dro. claih, 16.. 



DR. O. CALVERT HOLLAND. 

THE CONSTITUTION OF THE ANIMAL CREATION, o^prcascd 

in StniclunJ AjjpenduBeJ, n» Hair, Hums, Tuski, and FnU Bvo. clolli, IOj. lid. 



ON SQUINTING, PARALYTIC AFFECTIONS OF THE EYE, 

and CERTAIN FORMS OF IMPAIRED VISION, Frap. Bvo. cl..lh. 4.. 6J. 
LECTURES ON SIRABISMUS,"delivered « the Wi-atminster Hospital. 
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DR. W. CHARLES HOOD. 

SUGGESTIONS FOR THE FUTtHtE PROYISION OF CRIMj 

NAL LITNATICS. B.o. cloih, Si. 6i/. 

MR. P. HOOD. 

THE SUCCESSFUL TREATMENT OF SCARLET FEYKR 

al», OBSERVATIONS ON THF, PATHOLOGY AND TKKATMKNT (H 
CROWING INSPIRATIONS OF INFANTS. Pnal Syn. cl.Hli. fi.. 

DR. HOOPER. 

THE MEDICAL DICTIONARY; containing an Explflaation of III 

Turna uieil in Medicine lUid the ColUlers! ScicDcri. Eigbth Eilitiun. EdiW tl 



lUlR. JOHN 

A CATECHISM OF CHEMICAL PHILOSOPHY; bci«g a Famiiii 

qf ihf Prindpl.:! uf Chmisuy nnd Phytici. Wiih Enjiravingi on W^ 



I>i.iiEiied for the Vk of Scliw 



mil Privnli- Tcnchtra. PmI 



□R. HUFELAND. I 

THE ART OF PROLONGING LIFE a New Edition. 

by EHASMtrs \Vii.soN, F.It.S, Fwltcnp fivo., 2j. eJ. 



F.ftCS. 

ON HIP-JOINT DISEASE; with reference especially to TreamcM 

by Meiliniiicul Mmns for Ihe Relief of Cnnlraction nnd Defcrmity of the Afe^JT rj-l 
8™. doth. 3.. M. 



OR. HENRY HUNT. 

ON HEARTBURN AND INDIGESTION. 



4 



MR, T. HUNT. 

DISEASES OF THE SKIN: a Guide for iheir Treatment and Pr» 

Tention, Second Edition. Funp. Bvo., 2a. 6d. 



DR. INMAN. 

THE PHENOMENA OF SPINAL IRRITATION AND OTHEl 

FUNCTIONAL DISEASES OF THE NERVOUS SYSTEM KXP1,AINH" 

and a Rational Plan of TrcnlmrotiU-ductd. Willi PlntE». Bvo. clolli,,6.. 



DR. ARTHUR JACOB. F.R.O.S. 

A TREATISE ON THR INFLAMMATIONS OF THK ETE-I 

Foolscap Stq. cloth, &/. 

DR. JAMES JAQO, A.B.. CAHTAB.; M.B. o: 

i OCULAR SPECTRES AND STRUCTURES AS MUTUAL ] 

a NENTS. llluitnled with EngrnTinga on Wood. Bvo. docli, Si. 
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DR. HANDFIEI.D JONES, F.R.S, It. DR. EDWARD H. SIEVEKINQ. 

A JUNUAL OF PATHOLOGICAL ANATOMY, ninstrated with 

nuuii^iDiu Engraving! on Wmd. Fwlscnp Uto. clotb, l!i. Gd. 

MR. \ArHARTON JONES, F.R.a. 

A MANUAL OF THE PRINCIPLES AND PRACTICE OF 



THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, 

AS DISPLAYED IN THE SENSE OF VISION i being the Acloninn Pme Kt«y 
lor lUSl. With Illuitratioas on Steel and Woud. PoolKap 8to. dolb, it. SJ. 

DEFECTS OF SIGHT : their Nature, Causes, Prevention, nnd General 

Miinngrmtnt. Foip. Rvo. 2j. Ed. 

A CATECHISM OF THE MEDICINE AND SURGERY OF 

THE EYE AND EAR. For the ainicnl Use of Hospital Students. Vcap. Bio. 2b. Sd. 

A CATECHISM OF THE PHYSIOLOGY AND PHILOSOPHY 

OF BODY, SENSE, AND MIND. For Use in Schooli and Colleges. Fcap. Btd., 
Sl 6d. . 

DR, BENCE JONES, F.R,a. 

MULDER ON WINE. Foolaoop Sva. cloth, 6.. 

ON ANDfAL CHEMISTRY, in its rplation to STOMACH and RENAL 
DISEASKS. 6ro. clnlh, G>. 



A PRACTICAL TREATISE ON URETHRITIS AND SYPHI- 

L1S : intludine ObnemitiDni on the Panel of the Meaatmoiu Fluid, nnd of the Di>- 
ehni)[e from Leuconhcea and Sore* to prodnce Urcthrilie: wiib a variety of Eioniplet, 
EipBrimenti, RemediEs, and Cures. Bto. clolb, £1. Hi. 

. MR. KNAOaS. 

UNSOUNDNESS OF MIND CONSIDERED IN. RELATION TO 

THE QUESTION OF RESPONSmiLITY IN CRI.MINAL CASES. 8vo, clolli, 



DR. LAENNEC. 

A MANUAL OF AUSCULTATION AND PERCUSSION. Trans- 

lated and Edited by J. B. Sharpk, M.R.C.S. 3). 

DR. HUNTER UtNE. F.L.B. 

A COMPENDIUM OF MATERIA WEDICA AND PHARMACY; 

adaptrd to the Loniion Plionnatopicin, lR.il, embodying all the new Fri>neh, Americin, 
and Indian MediciDes. and nlso comprising n SDOimary of PcnclioU Tuiicology. Second 
Edition. 24mo. cloth, Sa. Sd. 
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DR. LANE. MA. 

HYDROPATHY: OB, THE NATURAL SYSTEM OF MEDIOi; 

TREATMENT. An Bxpluuitary Egny. Pxit tl(n. duib, 3t. 6d. 



MR. LAURENCE. M.B., F.R.C.S. 

THE DIAGNOSIS OF sniiGIOAL CANOES. The Li.too Pri« 

Euaj-forlSM. Se««nd Eilitioa. Pluto, 8 vo. civlh, 7>. 6J. j 



MR. LAWRENCE, F.R.B. 

A TREATISE ON RUPTUEES. The Fifth Edition. 

vnlargeiL Hvo. cloth, I Gi. 




THE EFFECT OF CLIMATE ON TFBEECOLOUS DISEIS! 

with Noiici'j ofthe chief Foreign I'lncei of Winter Resort. SmaD Bto, clotb, 6*. 

,. THE WATERING PLACES OF ENGLAND. CONSIDEl 



THE BATHS OF GERMANY, FRANCE, & SWITZEELASD 

Third Edition. Po.t B.o. dnd,. li.. Bd. 

thf; baths of rhenisii Germany. ro.t sv.. dou., t,. 



MR. HENRY LEE. FR.C.S. 

PATHOLOGICAL AND SURGICAL OBSERTATIONS ; indm 

■n Emy on the Surgical Trealnient of U'^morrlioidut Tumon. Sto. cloth, 7>. OJ. 



DR. ROBERT LEE, F.R.S. 

A TREATISE ON THE SPECDLUM; with Three Hundred C«« 

Bin. cloth, U. 6d. ^^ 

CLINICAL REPORTS OF OVARIAN AND UTERINE DIS 

EASES, with Comnientoriia, Foolncap Mvo. eh>lh, C. Crf. ^ 

CLINICAL MIDWIFERY : comprising the Hiatoriee of 545 Casta < 

Difficult, Pretcinnliiral, and ComplicaUHl Ubour, wilh Commentarie*. Second Bdilii 
FoolKopBvD, cloth,in 

PRACTICAL OBSERVATIONS ON DISEASES OF 

UTERUS. With cobortd Plates, T»o Pan* Imperial 1 to., 7if. 6rf. eodi P««. 
MR. LJSTON. F.R.a. 

PRACTICAL. SURGERY. Fourth Edition. 8vo. cloth, 22.. 
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MR. H. V/. LOaB, 1-3A, M.RXJ.S.E. 

ON SOME OF THE MOEE OBSCFEE FORMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. With iin 

Introdnclion on tho Pbjiiolagj of Digntion and Animflatioii, ind ibe Ocneration nnd 
DiBiribution of Neivo Force. Bued npon Oripnal MicTMiapital OWrralioni. Witt 
Eogiaiingi. Std. dolli, lOi. 6<'. 

LONDON MEDICAL SOCIETY Or OSBERVATION. 

WHAT TO OBSERVE AT THE BED-SIDE. AND AFTER 

DE-*TH. Publiihcd by Authority. Swotid Edition, Foolusp 810. tlolh, 4l 6d. 
M. L U O O L. 

ON SCROFULOUS DISEASES. Tnmslated from the Frcndi, with 

Additions by W. H. RANK[>'a, M.D., Pbysiciaa to the Suflblk Gfnenl Ho^iitd. 



DR. OEOROE H. B. MACLEOD. F.R.C 3. (EOIN.) 

NOTES ON THE SURGERY OF THE CRIMEAN WAR; with 

RF..MARKS on tiUN-SHOT WOUNDS. Sto. dolh, 1 0.. HA 
MR. JOSEPH MACLISE, FJt.CS. 

SURGICAL ANATOMY, a Seriea of Dissections, niortrMing the Prm- 

cipal Rcgiona of the Humuu Body. 
, The Swond Edition, toni])lete in XIU. FmcicoIL lDipcri>l folio, S*. acb; bound in 

doth, £3. 12..J or bound in morocco, £4. ii. 

ON DISLOCATIONS AND FEACTUEE& Thi, work will be v„i- , 

form with the Anthor'i "Snijiicai An»tomy:"mth FoKicnliU will contain Four bean tifiilly 
einruted Lithognphic DrawiogB, and he fompleted in Nine Numben. Fucicnliu L, 
imperinl folio. .'». 

AN EXPOSITORY LEXICON OF THE TERMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including k enm- 
pletB MKDICAL AND MEDICO-LEGAL VOCABULARY, and preMnting the 
cormi PiORunciatioD, DeriTBtion, Definition, and G»liuiation of the Nanica, Analiigtiet, 
Synonymei, and Phnie* (in Engliah, Latin, Greek. French, and Oermui,) employed io 
Science and connected with Mulicine. Pniti I.to VII,, price Gi. each. 

DR. WM. H. MADDEN. 

THOUGHTS ON PULMONARY C^ONSUMPTION; withanAppen- 

dii on the Climate of Torquay. Pan 8io. cloth. Si. 
DR. MARCET. 

ON THE COMPOSITION OF FOOD, AND HOW IT IS 

ADULTERATED ; with Pnicli.'al Dir«tion> tat iti Analjiit, Bto. do ji, 6j. 6J. 



DR. MARTIN. 

, THE UNDERCLIFF, ISLE OF WIGHT: 

and NmuiBl Production!. Post flvo. cloth, lOi.Qd. 
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DISEASES OF THE HEAET: TEETH PATHOLOGY. Diag- 
nosis, AND TRKATMENT. l\u. B.u. cloih. 6.. 



SKODA ON AUSCULTATION AND PEKCUSSION. Post 8t«. 

clotb, Gj. 



MR. a RANAUD MARTIN. F.R.S. 

THE INFLUENCE OF TROPICAL CI.IMATFS ON EUBO- 

PEAN CONSTITUTIONS. Ori«innl!y bj the lale Jams: Jukiison, M-D., nnd now 
eutinly rewiiilen ; including Praciicnl ObBemliniu on the Diwosu of Eurnpoan Innlida 
on Ibeii Return fram Tid^ibI CtimiLtet. SeTentb Edition. Bvn. cloth, 16f. 



DR. MAaSV. 

ON THE EXAMINATION OF RECEUITS; mwndcd for the Um of 

Young Mediad Officers on Entcriog the Army. Sio. cloth, 59. 



OR. MILLINOEN. 

,, ON THE IREATJIfflT AND MANAGEIIENT OF TEE 

.» ,...11, ..-.I. r..- -., __.-___ n..,i- _|^|j ])jJY»to Lunatic Aiylums. IHnio. 



SANE; trith ComidDraUoni o 



MR. JOHN L. MILTON. M.R.O.S. 

PRACTICAL OBSERVATIONS ON A NEW WAT 

TREATING GONORRIltEA, Wiib wmc Kcinnrk. on ihe Cure uf iDTctvrate I 
19*0. cloth. Us. 
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DR. MONRO. 



KEMAEKS ON INSANITY ; iu Name «.d Tmliaent. 8To.oIotb,6.. 

EEFOEM IN PEITATE IDNATIC ASYLUMS, sm cloth. 4,. 



ELEMENTS OF PSYCHOLOGICAL MEDICINE: AN INTRO. 



THE nOMAN MIND IN ITS EELATIONS WITH THE 

BRAIN AND NERVOUS SYSTEM. Po.l Bvo. tloib. J.. «J, 



MR. J. NOTTINQHAM. F.R.O.R. 

DISEASES or THE EAR mu.i,a.rf b, citald 0Wr»aUon;t 
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MR. NOURSE, M.R.O.S. 

TABLES FOR STUDENTS. Price One Sbilling. 

I. Diiiiitina and ClOHH oF tbe Aninsl KiDgdmi. 

3. CUuo and Oiden of the VprMbraU Sub-kin^om. 

3. CIsHes of the Vegrublc Kingdom, according lo the Natonl and Artifiiri 

4. Tabic of the EleiDfnU, with tlirii Cbeuiicol Kqainlf nti and Sjiabola. 



MR. NUNNELEV. 

A TREATISE ON THE NATURE, CAUSES, AND TREATMENT 

OF ERYSIPELAS. Sio. clotb, I0<. 6d. 



&ftot1l Olfliond. — Edited by Db. Giieekhill. 

1. ADDRESS TO A MEDICAL STUDENT. Swond Editwa, ISmo. cloth, 2I.&I. 
II. PRAYERS FOR THE USE OF THE MEDICAL PROFESSION. Seonnd 
Edition, dolb, \i. 6d. 

III. LIFE OF SIR JAMES STONHOUSE, BABT., M.D. Cloth, tL6d. 

IV. ANECDOTA SYDENHAMIANA. Second Edition, IBmo. 2.. 

V. LIFE OF THOMAS HARRISON BL'RDER, M.D, 1 Bmo. cloth, *j. 
VL nUHDER-S LETTERS FROM A SENIOR TO A JUNIOR PHYSICIAN, 

UR FHoaonao tbs Huiaious wsltabi of hib patiiits. ISmo. kwhI, 6d. 
VIL LIFE OF GEORGE CHEYNE, M.D, IBmo. wwed, 2i. Gd. 
VIIL HUFELAND ON THE RELATIONS OF THE PHYSICIAN TO THE 

RIDE, TO TH> POBUa, AVD TO BI9 OOUKAOCIB. IlilUD. MWed, 9d, 

IX. OISBORNE ON THE DUTIES OF PHYSICIAN& IBno. «wed, I,. 
■X. LIFE OF CHARLES BRANDON TRYE. IBmo. «*ed, U 
XI. PERCIVAL-S MEDICAL ETHICS Third Edition, IBmo. cloth, 3.. 
XIL CODE OF ETHICS OF THE AMERICAN MEDICAL ASSOCIATION. Bd. 

XIII. WARE ON THE DUTIES AND gUALIFICATIONS OF PHYSICIANS. 

M. 

XIV. MAURICE ON THE RESPONSIBILITIES OF MEDICAL STUDENTS. 

g<j. 

XV. FRASER-S QUERIES IN MEDICAL ETHICS. 9d. 



DR. ODLINa. 

A COURSE OF PRACTICAL CHEMISTRY, FOR THE USE 

OF MEDICAL STUDENTS. Arranged wUh oipit« refoMWo to tie Thiw Montb.' 
Sununer Count. Poil flvo. ctoUi, li. 6d. 



TRANSACTIONS OF THE ODONTOLOGICAL SOCIETY OF 

LONDON. With Plaita. VoL 1., 8vo. cloth, «.. W. 



MR. P A Q E T. 

A DESCRIPTIVE CATALOGUE OF THE ANATOMICAL 

Mt!SEUM OF ST. BARTHOLOMEWS HOSPITAL. Vol. I. Morbid Anatomy. 1 

6tD. doth, 6$. I 

DITTO. Vol. II. Natural and Congenitally Molformcd Slmetutei, and Liiti of the -J 

Models, Cnili, Dnwingt, and Diagram). £>. m 
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MB. LAN03T0N PARKER. 

THE MODERN TREATMENT OF SYPHIUTIC DISEASES. 

balb Primorjr and Secondary; compruing the Treatment of Coiutitnlioniil nod CoufiimFd 
SjphilU, bj k afe Kud lucceuful Mclhod. Third Edidon, Sto. cloth, ID*. 



MR. JAMES PART, F.H.O^. 

THE IIEDICAL AND SURGICAL POCKET CASE BOOK, 

fcir thn RF^iatnLiou of impartsnt Cu« in Priinte Practiw, lud to uaut the Student df 
llupilal Pnutic«. Second Edilicm. Z$. lid. 



DR. THOMAS B. PEACOCK, M.D, 

ON MALEORMATIONS, ETC. 'oE TEE HTIMAN HEABT, 

with Oiiginal Citea. With Eight PUxet. Bto. clalh, 81. 

ON THE INFLUENZA, OR EPIDEMIC CATARRHAX FEVER 

OF IWT-e. 8(0. cloth, 5». 6d. 



DR. peREIHA, F.R.S. 
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THE MEDICAL REMEMBRANCER ; OR, BOOK OF Emer- 
gencies : in whicb on- cnntiwt; poinled out ilic ImiDcdinli- Rmnpdie* to bo odoplcd 
In the Pint MommCt nf DnngPT from Poimning, Umwning, Apoptciy, Bun», vnd oilier 
AccidcQU: ivilti tbe Tttii fur the Prindpnl PaisiiDt, and iiihcr luelul tn^^nMinn. 
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trodoiloiy OlMenatlonii bj tht Editor. With I'btes. 8vo. doth, St. 



DR. TURNBULL. 



A PRACTICAL TREATISE ON DISORDERS OF THE STOMACH , 

with FERMENTATION; audoQlheCiinsBjflndTrciUnienlof Indigi-stlou, &c 8«. I 






DR. UNDERWOOD. 



TREATISE ON THE DISEASES OF CHILDREN. Tenth Editkm, 

with Additions and ComxtioiiB by Uinhv Davikb, M.D. Uro. cloth, ISa. 



TESTIGES OF THE NATnEAL HISTOET OF CEEATION. 

Tenth Editisa. lUiulrated irilb I DO En^iingB nn Wood. Svo. dotli, l-2t. 6d. 



EXPLANATIONS: A SEQUEL TO "VESTIGES." 

Second Edition, Post 8vo. clotli, 6». 



DR. UNOER. 



BOTANICAL LETTERS. Translated by Dr. B. Pioi. Numerous 

Woodcuts, Poat flvo, 5a, ' 



$f<tK^~" 



Nnmerons j 



MR. CHCRCniLLS PUBLICATIONS, 



^ "I 



DR. VAN OVEN. 
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